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COMPILATION  OF  NOTES  AND  REPORTS  ON  THE 
MINERAL  RESOURCES,  MINES,  AND  MINING  OF 
THE  PHILIPPINE  ISLANDS. 


OENEBAL  CONDITIONS. 


[From  Military  Notes  on  the  PhUipplnes,  1898,  p.  2S.] 
XIHEKALS. 

From  what  is  known  of  the  mineralogy  of  the  islands,  there  is  no  doubt 
that  a  scientific  geological  survey  would  prove  that  they  are  rich  in  ore  depos- 
its of  many  kinds.  Gold  is  found,  especially  in  the  mountainous  districts  of 
Luzon  and  on  the  islands  of  Mindanao  and  Mindoro.  In  spite  of  promising 
fields  the  Spaniards  have  neither  taken  measures  to  prosecute  a  search  for  it, 
nor  attempted  the  application  of  modem  scientific  means  to  obtain  profitable 
results  from  the  present  workings. 

It  is  not  believed  that  true  coal  is  to  be  found  in  large  deposits.  The  beds 
that  have  been  worked  on  the  islands  of  Cebu  and  Masbate  consist  of  lignite 
of  very  good  quality.  The  Masbate  beds  are  near  the  beach,  are  tilted  so  as  to 
form  alx>ut  70"*  with  the  horizon,  and,  roughly  estimated,  will  yield  about 
2D,000  tons  to  the  acre.  Iron  ore  of  excellent  quality  is  abundant,  but  from  lack 
of  means  of  transportation  and  machinery  it  has  so  far  been  found  cheaper  to 
depend  upon  importation.  Rich  deposits  of  copper  exist,  and  galena  and  zinc 
blendes  have  been  found.  Sulphur  is  found  in  the  vicinity  of  many  of  the 
ancient  volcanoes,  and  in  quantities  that  would  prove  profitable  could  trans- 
portation facilities  be  obtained. 


[From  Report  of  the  Schurman  Philippine  Commission,  1008,  vol.  3,  p.  2S1.] 

MIHE&AL  RESOTTBCES  AND  GEOLOGY. 

By  Geo.  F.  Becker,  U.  S.  Geologist. 

Nothing  approximating  to  a  complete  geological  reconnaissance  of  the  Philip- 
pines has  ever  been  made.  There  were  earnest  men  among  the  Spanish  geolo- 
gists, however,  and  Messrs.  Centeno  and  Abel  la  deserve  much  credit  for  what 
they  accomplished  with  small  appropriations  and  little  encouragement  from 
the  Spanish  Government.  Visiting  geological  explorers  have  also  contributed 
important  observations,  in  particular  Messrs.  Richthofen,  Semper,  and  Drasch^ 
The  conditions  are  not  all  favorable  to  rapid  work.  The  enormous  coast  line, 
estimated  by  the  Coast  and  Geodetic  Survey  at  11,444  miles,  would  indeed 
afford  great  facilities  to  a  geological  expedition  properly  equipped  with  a 
steam  vessel  and  launches;  but  none  such,  I  believe,  has  ever  been  organized. 
In  the  interior  of  the  islands  roads  are  few  and  bad;  the  vegetation  is  so 
drase  and  matted  that  it  is  often  impossible  to  leave  the  regular  trail  excepting 
by  cutting  a  new  path,  and  the  damp,  motionless  atmosphere  in  the  jungle  is 
precisely  like  that  of  a  hothouse.  Under  such  circumstances  progress  in  geo- 
logical mapping  must  inevitably  be  slow. 

The  additions  which  it  has  been  possible  for  me  to  make  to  the  geology  of  th« 
islands  are  small,  in  spite  of  a  residence  of  fourteen  months.  I  was  not 
allowed  to  do  any  work,  except  within  the  military  lines  of  the  United  States 
forces,  without  a  special  escort  of  soldiers,  which  events  proved  to  be  anything 
but  unnecessary.    Moreover,  it  was  only  occasionally  that  the  situation  Justl- 
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fled  the  antboritles  in  placing  an  escort  at  my  disposition,  for  deliberate  ex- 
posure of  soldiers'  lives  for  the  purpose  of  gaining  geological  information  was 
not  to  be  thought  of,  although  volunteers  for  such  service  could  have  been 
obtained  in  any  number.  I  made  examinations  at  various  points  on  Manila 
Bay,  as  well  as  along  the  railway  from  Manila  to  San  Fernando,  and  cruised 
about  Laguna  de  Bay,  touching ^t  many  points.  I  also  spent  a  month  in  Negros 
and  another  in  OebCi,  passed  some  time  at  Hollo,  touched  at  Guimaras,  visited 
Jolo,  and  coasted  along  the  island  of  Mindanao,  though  without  being  able  to 
land. 

A  report  is  in  preparation  in  the  oflace  of  the  Geological  Survey  which  is 
Intended  to  embody  all  that  is  at  present  known  on  the  geology  and  mineral 
resources  of  the  archipelago.  In  the  meantime  an  outline  is  presented  here 
in  the  form  of  brief  memoranda.  That  on  the  mineral  resources  was  prepared 
tn  Manila  in  September,  1898,  at  the  request  of  Admiral  Dewey  and  as  a  report 
to  him.*  It  is  reproduced  here  with  one  or  two  unimportant  changes.  A  supple- 
mental note  embodies  some  pertinent  facts  extracted  from  a  report  to  the  com- 
mission recently  made  by  the  Jesuit  fathers.  The  memorandum  on  the  general 
geology  was  addressed  to  General  Otis  in  September,  1899,  at  the  close  of  field 
work  in  the  island.^ 

Kemofandum  on  Mineral  Resources.^ 

This  brief  memorandum  probably  covers  all  the  main  discoveries  in  the  geol- 
ogy of  the  Philippines  which  are  of  economic  Interest.  It  is  dravm  up  from  data 
recorded  in  the  Spanish  mining  bureau  (Inspecci6n  de  Mlnas),  but  not  pub- 
lished ;  manuscript  mine  reports  by  the  late  William  Ashbumer ;  verbal  infor- 
mation obtained  in  Manila,  and  various  technical  publications  of  Semper,  San- 
tos, Roth,  Drasche,  Abella,  and  others. 

Only  about  a  score  of  the  islands  are  known  to  contain  deposits  of  valuable 
minerals.  These  are  arranged  below  in  the  order  of  their  latitude,  to  give  an 
Idea  of  their  geographical  distribution  and  to  facilitate  finding  the  islands  on 
the  map.  The  latitude  of  the  northern  end  of  each  is  taken  as  that  of  the 
island.  The  character  of  the  valuable  minerals  stated  in  the  table  will  afford 
a  general  notion  of  the  resources  of  the  islands. 

Uineralrhearing  islands  and  their  resources. 


Idand. 


Luzon 
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Mindoro 
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Batan 
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Character  of  mineral  resources. 


Coal,  firold,  copper,  lead,  iron,  sulphur,  marble. 

kaolin. 
Coal,  gold,  Iron. 
Gold. 

Gold,  copper,  lead. 
Lead,  silver. 
Coal,  gold,  copper. 
Coal. 
Do. 
Do. 
Coal,  copper. 
Marble. 
Coal,  gold. 
Ck)ld. 


Coal,  oil,  gas,  gold,  copper,  iron,  mercury  (T). 

Sulphur. 

Coal,  oil,  mercury  (?). 

Coal,  oil,  gas,  lead,  sllTer,  iron. 

Coal. 

Gold. 

Do. 

Do. 
Coal,  gold,  copper,  platinum. 
Lead. 
Pearls. 


«ThlB  memorandum  appears  In  the  Nineteenth  Annual  Report,  Geological  Survey. 

•  Printed  In  the  Twentieth  Annual  Report  of  the  Geological  Survey. 

•  Printed  in  S.  Doc.  No.  171.  Mth  Cong..  iBt  seas.,  p.  19.  also  In  Gazetteer  of  the  Philip 
Ulae  lalaads,  1902,  p.  SI. 
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The  distribution  of  eacli  mineral  or  metal  may  now  be  sketched  in  somewhat 
{n*eater  detail.  In  many  cases  the  information  given  in  this  abstract  is  ex- 
haastire,  so  far  as  the  available  material  is  concerned.  The  coal  fields  of 
Cebti,  however,  have  been  studied  in  some  detail  by  Mr.  Abella,  and  in  a  few 
other  instances  more  extended  information  has  been  condensed  for  the  present 
purpose. 


So  far  as  is  definitely  known,  the  coal  of  the  Philippine  Islands  is  all  of  Ter- 
tiary age,  and  might  better  be  characterized  as  a  highly  carbonized  lignite.  It 
it  analogous  to  the  Japanese  coal  and  to  that  of  Washington,  but  not  to  the 
Welsh  or  Pennsylvania  coals.  Such  lignites  usually  contain  considerable  com- 
bined water  (8  to  18  per  cent)  and  bear  transportation  ill.  They  are  also  apt  to 
contain  much  sulphur,  as  iron  pyrlte,  rendering  them  subject  to  spontaneous 
combustion  and  injurious  to  boiler  plates.  Nevertheless,  when  pyritous  seams 
are  avoided  and  the  lignite  is  properly  handled  it  forms  a  valuable  fuel,  espe- 
cially for  local  consumption.  In  these  islands  it  would  appear  that  the  native 
coal  might  supplant  English  or  Australian  coal  for  most  purposes.  Lignite  is 
widely  distributed  in  the  archipelago ;  some  of  the  seams  are  of  excellent  width, 
and  the  quality  of  certain  of  them  is  high  for  fuel  of  this  class. 

Goal  exists  in  various  provinces  of  the  island  of  Luzon  (Abra,  Camarines, 
Batan,  Sorsogon).  The  finest  beds  thus  far  discovered  appear  to  be  those  in 
the  small  island  of  Batan,  lying  to  the  east  of  the  southern  portion  of  Luzon, 
in  latitude  13**  19'.  These  seams  vary  from  2  feet  6  inches  to  14  feet  8  inches 
in  thickness.  Analyses  have  been  made  in  the  laboratory  of  the  Inspeccion  de 
Minas,  and  the  mean  of  seven  analyses  gives  the  following  composition : 

Analysis  of  coal  from  Batan,  one  of  the  Philippine  Islands, 


(-onstltuent. 


Water 18.52 

Volatile  matter 37. 46 

Fi  xed  carbon 44. 46  ■ 

Ash 4.56 

Total 100.00 

One  pound  of  this  coal  will  convert  6.25  pounds  of  water  at  40°  C.  into  steam 
at  100*  C.  The  heating  effect  is  about  three-fourths  that  of  Cardiff  coal.  The 
same  beds  are  known  to  exist  in  other  small  adjacent  islands,  Carraray  and 
Rapu-Rapu.  A  number  of  concessions  for  coal  mining  have  also  been  granted 
on  the  main  island  of  Luzon  just  south  of  Batan,  at  the  town  of  Bacon.  No 
doubt  the  beds  here  are  either  identical  or  at  least  closely  associated  with  the 
coal  seams  in  the  little  Islands. 

The  coal  field  of  southern  Luzon  is  said  to  extend  across  the  Strait  of  San 
Bemadino  Into  the  northern  portion  of  Samar.  Here  coal  is  reported  at  half  a 
dozen  localities,  but  I  have  been  able  to  ascertain  no  details  as  to  the  thickness 
or  quality. 

In  Mlndoro  there  are  large  deposits  of  coal  In  the  extreme  southern  portion 
(Bulacao)  and  on  the  small  adjacent  island  of  Semlrara.  This  fuel  is  said  to 
be  similar  to  tliat  of  Batan. 

The  islands  of  Masbate  and  Panay  contain  coal,  the  deposits  of  which  thus 
far  discovered  do  not  seem  of  much  importance.  Specimens  from  the  south- 
western portion  of  Leyte,  analyzed  in  the  laboratory  of  the  Inspeccion  de  Minas, 
are  of  remarkably  high  quality,  but  nothing  definite  about  the  deposit  is  known 
to  me. 

The  first  discovery  of  coal  in  the  archipelago  was  made  in  the  island  of  Cebu 
in  1827.  Since  then  lignltlc  beds  have  been  found  on  the  Island  at  a  great 
variety  of  points.  The  most  Important  cropplngs  are  on  the  eastern  slope, 
within  some  15  or  20  miles  of  the  capital,  also  named  Cebu.  Though  a  consid- 
erable amount  of  coal  has  been  extracted  here  the  Industry  has  not  been  a 
profitable  one  hitherto.  This  Is,  at  least  in  part,  due  to  crude  methods  of  trans- 
portation.   It  is  said,  however,  tliat  the  seams  are  oft^i  badly  faulted. 

At  Uling,  about  10  miles  west  of  the  capital,  the  seams  reach  a  maximum 
thickness  of  15)  feet   Ten  analyses  of  Cebu  coal  are  at  my  disposal.    They  Indi- 
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cate  a  fuel  with  about  two-thirds  the  calorific  ^ect  of  Cardiff  coal,  and  with 
ouly  about  4  per  cent  ash.  Large  quantities  of  the  coal  might,  I  suspect,  con- 
tain a  higher  percentage  of  ash. 

The  island  of  Negros  is  nearly  parallel  with  Cebu  and  appears  to  be  of  sim- 
ilar geological  constitution,  but  it  has  been  little  explored,  and  little  of  it  seems 
to  have  been  reduced  to  subjection  by  the  Spaniards.  There  are  known  to  be 
deposits  of  coal  at  Calatrava,  on  the  east  coast  of  Negros,  and  it  is  believed 
that  they  are  of  imiwrtant  extent.  In  the  great  island  of  Mindanao  coal  is 
known  to  occur  at  eight  different  localities,  but  no  detailed  examination  of  any 
kind  appears  to  have  been  made.  Seven  of  these  localities  are  on  the  east  coast 
of  Mindanao  and  the  adjacent  small  islands.  They  indicate  the  presence  of 
lignite  from  one  end  of  the  coast  to  the  other.  The  eighth  locality  is  in  the 
western  province,  called  Zamboanga,  on  the  Gulf  of  Sibuguey. 

PETBOLEUM. 

In  the  island  of  Cebu  petroleum  has  been  found  associated  with  coal  at 
Toledo  on  the  west  coast,  where  a  concession  has  been  granted.  It  is  also  re- 
ported from  Asturias,  to  the  north  of  Toledo,  on  the  same  coast,  and  from 
Algeria  to  the  south.  Natural  gas  is  said  to  exist  in  the  Cebu  coal  fields.  On 
Panay,  too,  oil  is  reported  at  Janinay,  in  the  province  of  Hollo,  and  gas  is 
reported  from  the  same  island.  Petroleum,  highly  charged  with  paraflin,  is  also 
found  on  Leyte,  at  a  point  about  4  miles  from  ViUaba,  a  town  on  the  west 
coast. 

GOLD. 

Gold  is  found  at  a  vast  number  of  localities  in  the  archipelago,  from  northern 
Luzon  to  central  Mindanao.  In  most  cases  the  gold  is  detrital,  and  is  found 
either  in  existing  water  courses  or  in  stream  deposits  now  deserted  by  the  cur- 
rent. These  last  are  called  "aluvioues  '*  by  the  Spaniards.  It  is  said  that  in 
Mindanao  some  of  the  gravels  are  in  an  elevated  position  and  adapted  to  hydrau- 
lic mining.  There  are  no  data  at  hand  which  indicate  decisively  the  value  of 
any  of  the  placers.  They  are  washed  by  natives,  largely  with  cocoanut  shells 
for  imns,  though  the  batea  is  also  in  use. 

In  the  province  of  Abra,  at  the  northern  end  of  Luzon,  there  are  placers,  and 
the  gravel  of  the  river  Abra  is  auriferous.  In  I-.epanto  there  are  gold  quartz 
veins  as  well  as  gravels,  (iold  is  obtained  in  this  province  close  to  the  cop|)er 
mines.  In  Benguet  the  gravels  of  the  river  Agno  carry  gold.  There  is  also  gold 
in  the  province  of  Bon  toe  and  in  Nueva  Bk^ija.  The  most  important  of  the 
auriferous  provinces  is  Camarines  Norte.  Here  the  townships  of  Mambulao, 
Paracale,  and  Labo  are  especially  well  known  as  gold-producing  localities.  Mr. 
Drasche,  a  well-known  German  geologist,  says  that  there  were  700  natives  at 
work  on  the  rich  quartz  veins  of  this  place  at  the  time  of  his  visit,  about  twenty- 
five  years  ago.  At  Paracale  there  are  parallel  quartz  veins  In  granite,  one  of 
which  is  20  feet  in  width  and  contains  a  chute  in  which  the  ore  is  said  to  assay 
38  ounces  of  gold  to  the  ton.  One  may  suspect  that  this  assay  hardly  repre- 
sented an  average  sample.  Besides  the  localities  mentioned,  many  others  in 
this  province  have  been  worked  bj'  the  natives. 

The  islands  of  Mindoro,  Catanduanes,  Sibuyan,  Samar,  Panay.  Cebu,  and 
Bohol  are  reported  to  contain  gold,  but  no  exact  data  are  accessible. 

At  the  south  end  of  the  small  island  of  Panaon,  which  is  just  to  the  south  of 
Leyte,  there  are  gold  quartz  veins,  one  of  which  has  been  worked  to  some 
extent.    It  is  6  feet  in  thickness  and  has  yielded  from  $6  to  $7  per  ton. 

In  the  island  of  Mindanao  there  are  two  known  gold-bearing  districts.  One  of 
these  is  in  the  province  of  Surlgao,  where  Placer  and  other  townships  show 
gravels  and  veins.  The  second  district  is  in  the  province  of  Misamis.  Near  the 
settlement  of  Iponan,  on  the  Gulf  of  Macajalar,  there  are  said  to  be  many 
square  kilometers  of  gravels  carrying  large  quantities  of  gold,  with  which  is 
associated  platinum.  The  product  of  this  district  was  estimated  some  years 
since  at  150  ounces  per  month,  all  extracted  by  natives  with  bateas  or  cocoanut- 
shell  dishes. 

COPPEB. 

Copper  ores  are  reported  from  a  great  number  of  localities  in  the  Philippines. 
They  are  said  to  occur  in  the  following  islands:  Luzon  (provinces  of  Lepanto, 
Benguet,  and  Camarines),  Mindoro,  Capul,  Masbate,  Panay  (province  of 
Antique),  and  Mindanao  (province  of  Surlgao).    Many  of  these  occurrences  are 
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probably  unimportant.  The  great  Island  of  Mindanao,  being  practically  unex- 
plored, is  full  of  possibilities,  but  as  yet  no  Important  copper  deposit  is  known 
to  exist  there.  An  attempt  was  made  to  worlc  the  deposit  in  Masbate,  but  no 
success  seems  to  have  been  attained.  On  the  other  hand,  northern  Luzon  con- 
tains a  copper  region  which  is  unquestionably  valuable.  The  best-known  por- 
tion of  this  region  lies  about  Mount  Data,  a  peak  given  as  "2,500  meters?"  in 
height,  lying  in  latitude  16°  53'  N.,  longitude  120**  58'  east  of  Greenwich,  or 
124''  38'  east  of  Madrid.  The  range  of  which  Data  forms  one  peak  trends  due 
north  to  Cape  Lacay-Lacay,  and  forms  a  boundary  for  all  the  provinces  impinging 
ui)on  it. 

Data  itself  lies  in  the  province  of  Lepauto.  In  this  range  copper  ore  has  been 
smelted  by  the  natives  from  time  immemorial,  and  before  Magellan  discovered 
the  Philippines.  The  process  is  a  complicated  one,  based  on  the  same  principles 
as  the  method  of  smelting  sulpho-salts  of  this  metal  in  Europe  and  America.  It 
consists  in  alternate  partial  roasting  and  reduction  to  "  matte  "  and  eventually 
to  black  copper.  It  is  generally  believed  that  this  process  must  have  been  intro- 
duced from  China  or  Japan.  It  is  practiced  only  by  one  peculiar  tribe  of 
natives,  the  Igorots,  who  are  remarkable  in  many  ways. 

Vague  reports  and  the  routes  by  which  copper  smelted  by  natives  comes  to 
market  indicate  that  there  are  copper  mines  in  various  portions  of  the  Cordi- 
llera Central,  but  the  only  deposits  which  have  been  examined  with  any  care  are 
those  at  Mancayan  (about  5  miles  west  of  Mount  Data),  and  two  or  three  other 
localities  within  a  few  miles  of  Mancayan.  The  deposits  of  Mancayan  are 
described  as  veins  of  rich  ore,  reaching  7  meters  in  width  and  arranged  In 
groups.  Mean  assays  are  said  to  show  over  16  per  cent  of  copper,  mainly  as 
tetrahedrite  and  allied  ores.  The  gangue  is  quartz.  The  country  rock  is 
described  as  a  large  quartzite  lens  embedded  in  a  great  mass  of  trachyte.  An 
attempt  has  been  made  by  white  men  to  work  these  deposits,  but  with  no  con- 
siderable success.  The  failure  does  not  seem  to  have  been  due  to  the  quality  oi 
quantity  of  ore  found. 

LEAD   AND    SILVER. 

A  lend  mine  has  been  partially  develoi)ed  near  the  town  of  Cebu,  on  the 
Island  of  the  same  name. 

The  most  imiwrtant  dei)oslt  of  argentiferous  galena  is  said  to  be  at  Torrljos, 
on  the  small  Island  of  Marlnduque  (latitude  13""  6').  A  metric  ton,  or  1,000 
kilograms.  Is  nald  to  contain  96.  grams  of  silver,  6  grams  of  gold,  and  565.5  kilo- 
grams of  lead. 

In  Camarlnes,  a  province  of  Luzon,  lead  ores  occur,  but  are  worked  only  for 
the  gold  they  contain. 

IBON. 

There  is  iron  ore  In  abundance  In  Luzon,  Cebu,  Panay,  and  doubtless  In 
Other  Islands.  In  Luzon  it  is  found  in  the  provinces  of  Laguna,  Pampaifga,  and 
Camarlnes  Norte,  but  principally  in  Bulacan.  The  finest  deposits  are  in  the 
last-named  province,  near  a  small  settlement  named  Camachin,  which  lies  In 
latitude  15**  7'  and  longitude  124**  47'  east  of  Madrid.  A  small  industry  exists 
here,  wrought  Iron  being  produced  In  a  sort  of  bloomery  and  manufactured  Into 
plowshares.  The  process  has  not  been  described  in  detail,  so  far  as  I  know.  It 
would  appear  that  charcoal  pig  Iron  might  be  produced  to  some  advantage  In 
this  region.  The  lignites  of  the  archipelago  are  probably  unsuitable  for  iron 
blast  furnaces. 

QUICSSILVEB.  ♦ 

Rumors  of  the  occurrence  of  this  metal  in  Panay  and  Leyte  have  failed  of 
verification.  Accidental  losses  of  this  mej^l  by  prospectors  or  surveyors  some- 
times lead  to  reports  of  the  discovery  of  deposits,  and  ochers  are  not  seldom  mis- 
taken for  Impure  cinnabar. 

NONMETALLIC   SUBSTAKCES. 

Sulphur  deposits  abound  about  active  and  extinct  volcanoes  in  the  Philip- 
pines. In  Luzon  the  principal  sulphur  deposits  are  at  Daclan,  In  the  province  of 
Benguet,  and  at  <Ik>lasl,  in  Camarlnes.  The  finest  deposit  in  the  archipelago  is 
said  to  be  on  the  little  Island  of  Billran,  which  lies  to  the  northwest  of  Leyte. 
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Marble  of  fine  quality  occurs  on  the  small  island  of  Romblon  (latitude  12" 
6').  It  is  much  employed  in  chnrches  in  Manila  for  baptismal  fonts  and  other 
purposes.  Marbles  are  also  quarried  at  Montalban,  in  the  province  of  Manila, 
and  at  Binangonan.  in  the  province  of  Morong. 

There  are  concessions  for  mining  kaolin  at  Los  Banos,  in  I^agnna  Province. 

Pearl  fisheries  exist  in  the  Sulu  Archipelago,  and  are -said  to  form  an  impor- 
tant source  of  wealth. 

Supplemental  Hote. 

The  Jesuit  Fathers  rei)ort  the  sulphide  of  antimony  (stibnite)  as  occurring  at 
Paracale,  in  the  province  of  Camarines,  and  as  found  also  in  Zambales  Province. 
It  does  not  appear  whether  in  either  case  the  mineral  is  sufficiently  abundant 
to  be  regarded  as  an  ore  deposit.  So,  too,  zinc,  both  as  the  sulphide  and  as  sili- 
cate, exists  at  Paracale,  seemingly  in  connection  with  lead  ores  and  gold.  Such 
information  as  I  have  would  iwint  to  the  conclusion  that  the  zinc  ores  are  to  be 
regarded  rather  as  metallic  gangue  minerals  than  as  seimrate  deposits,  but  my 
information  is  insufficient  to  decide  this  question  definitely. 

Deposits  of  rock  salt  occur  in  Mount  Blanco  and  Bamban  (Nueva  E>?ija),  in 
Calamba  (Laguna),  and  In  Placer  (Surlgao,  Mindanao).  As  might  be  sup- 
posed, the  natives  extract  much  of  their  salt  from  the  sea  water.  Niter  is  found 
in  caves  at  some  points  In  the  Philippines,  very  probably  originating  in  the  dung 
of  bats  and  other  animals.  It  has  been  collected  by  the  Insurgents  for  the 
manufacture  of  gunpowder.  Among  the  localities  where  It  Is  known  are  the 
small  Island  of  Masapillt  and  the  town  of  Placer,  in  Mindanao. 

Beautiful  serpentine  Is  found  In  Santa  Cruz  (Zambales),  and  the  same  min- 
eral is  widely  distributed  In  the  Islands.  Gypsum  is  plentiful  in  the  eastern 
imrt  of  the  central  range  of  Luzon.  Opal  Is  said  to  occur  at  Blnangonan  (Mo- 
rong) and  at  Catbalognn,  In  the  Island  of  Samar.  This  mineral  Is  a  very 
bommon  one  In  volcanic  regions;  but  the' valuable  variety,  fire  opal,  is  rare. 
Lithographic  stone  is  found  at  San  Mateo,  province  of  Manila.  Should  this 
turn  out  to  be  of  good  quality  and  In  large  blocks,  the  deposit  would  be  a 
treasure. 

The  clays  of  Los  Banos  (Laguna)  and  of  Maunrlgao  (Surlgao,  Mindanao) 
are  said  to  be  comparable  with  the  best  Chinese  and  Japanese  kaolins.  If  this 
is  true.  It  would  be  easy  to  Import  expert  letters  from  those  countries.  Asphalt 
is  reported  In  Luzon  In  Camarlnes,  between  Lakes  Buhl  and  Bato,  as  well  as 
in  Mindanao  at  Hinatuan,  In  the  province  of  Surlgao. 

Kemorandam  on  Geology. 

Much  office  work  nuist  be  done  on  the  specimens  collected  and  much  litera- 
ture abstracted  before  all  of  the  Information  at  my  command  on  the  geology 
of  the  Philippine  Islands  can  be  systematically  presented. 

So  far  as  my  observation  or  my  Information  goes,  the  geological  history  of 
the  whole  group  Is  similar.  I  have  seen  that  the  Post-Tertiary  gradual  up- 
heaval, presently  to  be  described,  is  common  to  Jolo.  Mindanao,  Luzon,  and  the 
intermediate  Islands;  and  descriptions  leave  little  doubt  that  the  Philippines 
belong,  and  have  long  belonged,  to  a  single  geological  and  biological  province. 

Prior  to  the  Tertiary  epoch  the  Philippines  consisted  of  slates  and  igneous 
masses,  the  age  of  which  Is  as  yet  unknown,  no  fossils  having  been  detected  In 
these  ancient  rocks.  They  are  now  to  be  found  chiefly  In  the  northern  and 
eastern  ranges  of  Luzon,  but  appear  to  be  represented  also  by  some  limited 
occurrence  in  Cebu  and  seem  to  form  the  walls  of  the  gold-bearing  quartz 
veins  of  the  province  of  Surlgao,  In  the  northeastern  portion  of  Mindanao. 
They  are  doubtless  In  reality  widely  distributed,  but  In  most  localities  are 
buried  beneath  more  recent  formations. 

During  the  Eocene,  or  earliest  TeMiary,  the  archipelago  must  have  consisted 
largely  of  swamps  and  shallow  seas,  perhaps  not  very  different  from  those 
now  existing  in  the  same  region.  Limestones  were  formed  at  some  distance 
from  the  coasts,  shales,  and  sandstones  were  laid  down  near  the  shores,  and 
accumulations  of  vegetable  matter  grew  in  the  swamps.  These  last  were  cov- 
ered by  mud,  and,  in  the  almost  total  absence  of  free  oxygen,  they  were  grad- 
ually converted  Into  lignite,  probably  the  most  valuable  mineral  asset  of 
American  India. 

At  the  close  of  the  Eocene  a  great  crumpling  and  upheaval  took  place, 
which  was  felt  from  Switzerland  to  the  Philippines,  and  perhaps  most  of  all 
in  the  Himalayas,  where  marine  Eocene  beds  now  stand  at  an  elevation  of 
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16,000  feet  above  the  sea.  In  these  Islands  the  Eocene  strata  are  frequently 
thrown  into  a  nearly  vertical  position  and  sometimes  are  actually  overturned. 
In  the  Visayas  the  axis  of  upheaval  trended  a  little  east  of  north,  correspond- 
ing to  the  direction  of  greatest  extension  of  the  islands  of  Cebu  and  Negros. 
These  disturbances  were  accompanied  by  much  faulting  and,  it  is  believed,  by 
some  metamorphism.  Intrusions  and  extrusions  of  igneous  rocks  seem  to  have 
accompanied  this  upheaval,  but  no  satisfactory  study  has  yet  been  made  of  the 
phenomena,  good  exposures  being  rare. 

During  the  remainder  of  the  Tertiary  the  islands  appear  to  have  been  above 
water.  Miocene  and  Pliocene  strata  have  not  been  detected  with  certainty, 
though  some  traces  of  such  beds  will  probably  be  discovered  in  future  investi- 
gations. Near  Jolo  I  found  strata  which  appeared  to  l)e  younger  than  the 
Eocene  and  older  than  the  Recent  period.  In  the  main,  the  area  of  the  Philip- 
pines was  probably  then  continental,  and  there  is  zoological  evidence  of  a  land 
connection  with  the  Asiatic  continent,  probably  by  way  of  Borneo,  during  the 
Middle  Tertiary.  This  connection  did  not  persist  to  the  close  of  the  Tertiary, 
however,  and  to  its  rupture  are  ascrlbable  the  extraordinary  peculiarities  of 
animal  life  in  these  islands,  evolution  here  having  been  left  to  take  its  own 
course  undisturbed  by  Invasions. 

The  subsidence  which  cut  off  immigration  of  the  lower  animals  continued, 
seemingly,  till  somewhere  about  the  close  of  the  Tertiary,  and  long  after  JJomo 
sapiens  had  made  his  appearance  in  the  Malay  Archipelago.  This  group  also 
was  very  probably  already  Inhabited  during  the  Pliocene,  possibly  by  the  ances- 
tors of  the  Negritos.  This  Is  a  matter  which  requires  careful  Investigation,  for 
in  the  opinion  of  my  late  famous  colleague,  O.  C.  Marsh,  this  archipelago  is 
likely  to  have  been  one  of  the  earliest  haunts  of  the  human  species. 

When  the  elevation  was  at  its  minimum  the  archipelago  was  reduced  to  a 
group  of  small,  hilly  islets,  four  of  which  existed  within  the  area  now  occupied 
by  the  island  of  Luzon.    Cebu  was  almost  completely  submerged. 

At  or  before  the  period  of  maximum  subsidence  began  a  series  of  eruptions 
which  has  not  yet  closed.  Mayon  Volcano,  In  southern  Luzon,  had  a  violent 
eruption  in  1897.  It  is  probably  the  most  beautifully  symmetrical  volcanic 
cone  in  the  world,  and  the  truncation  at  the  top,  due  to  the  crater,  is  scarcely 
sensible.*  The  work  done  In  fusing  lavas  and  ejecting  ash  is  probably  a  mani- 
festation of  the  energy  Involved  In  the  mighty  earth  throes  which  bring  about 
regional  upheavals  with  Incidental  subsidences.  The  earlier  of  the  eruptions 
under  discussion  were  largely  submarine,  and  vast  additions  were  made  to  the 
superficial  material  of  the  archipelago  by  these  outflows,  especially  In  the 
central  and  southern  portions  of  Luzon.  The  ejecta  Include  andesltes,  rhyo- 
lltes,  basalts,  and  probably  other  less  common  rock  species. 

The  period  of  upheaval,  once  initiated,  does  not  seem  to  have  been  Inter- 
rupted by  any  era  of  subsidence,  and  the  modern  coral  reefs  give  evidence  that 
It  is  still  in  progress.  It  is  said  that  uplifts  accompanying  earthquakes  have 
actually  been  observed  by  the  Spaniards,  and  the  earthquakes  themselves  are 
spasmodic  jars  in  the  process  of  elevation.  The  elevation  has  not  been,  prop- 
erly speaking,  catastrophic,  however,  for  the  tremors  which  may  wreck  a 
cathedral  are  Insignificant  from  a  terrestrial  standpoint.  On  the  whole,  the 
uplift  has  been  very  gradual,  so  that  even  the  coral  polyp  has  been  able  to 
adjust  himself  to  the  changing  conditions,  building  outward  into  deeper  water 
as  his  old  home  was  raised  too  high  for  his  welfare.  In  this  way  nearly  the 
whole  of  Cebu,  to  a  height  of  over  2,000  feet,  has  been  covered  with  a  nearly 
continuous  sheet  of  coral  which  can  be  followed  seaward  into  living  reefs. 
Much  of  Negros  has  been  clothed  with  a  similar  mantle.  On  a  small  scale, 
also,  off  the  coasts  of  these  Islands,  and  particularly  about  Mactan,  reefs  can 
still  be  studied  In  every  stage  of  upheaval,  all  those  portions  l>eing  dead  which 
are  exiwsed  to  the  air  even  at  the  lowest  tides.  In  southern  Luzon  and  to  the 
northward  of  Lingayen  Bay  similar  phenomenon  can  be  observ^ed. 

Although  upheaval  does  not  appear  at  any  time  since  the  close  of  the  Tertiary 
to  have  given  way  to  subsidence,  there  have  been  repeated  pauses  In  the  uplift- 
ing process.  On  exposed  coasts  these  pauses  are  marked  by  benches  eaten  into 
the  land  by  the  action  of  the  waves.  Thus  the  southern  ends  of  CJebu  and 
Bohol  are  terraced  from  top  to  bottom,  each  terrace'belng  an  old  bench  cut  out 
of  the  rock  mass  by  stormy  seas.  Pauses  In  the  uplifting  process  are  also 
marked  by  a  rude  stratification  of  the  corals.    Even  in  the  interior  of  the  islands 

« The  radius  of  any  horizontal  section  is  the  hyperbolic  sine  of  the  distance 
from»  this  section  to  the  summit. 
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terraces  indicative  of  uplifts  are  frequently  visible.  Some  of  them  represent 
base  levels  of  erosion,  others  are  ancient  coral  reefs  which  have  been  checked 
in  their  upward  growth  by  reaching  the  surface  of  the  water.  In  short,  terraces 
constitute  one  of  the  most  prominent  topographical  features  of  the  archipelago. 

The  slowness  of  the  uplift  is  emphasized  by  the  stupendous  accumulation  of 
coral  In  these  islands.  Coral  Is,  of  course,  mainly  composed  of  calcium  car- 
l)onate,  and  this  is  formed  by  the  coral  polyp  from  the  lime  salts  dissolved  in 
the  sea.  Now,  the  sea  contains  a  very  minute  proportion  of  lime  salts  (chiefly 
the  sulphate,  or  gypsum),  say  a  tenth  of  1  per  cent,  and  corals  are  necessarily 
of  slow  growth  because  of  the  scantiness  of  the  material  with  which  they 
build.  The  sheets  of  coral  on  uplifted  areas  seem  to  have  a  tendency  toward  a 
nearly  uniform  thickness,  approximating  to  100  feet.  This  is  explicable  from 
the  habits  of  the  cornl  animal,  which  does  not  grow  at  a  greater  depth  than 
15  or  20  fathoms.  Unlike  merely  sedimentary  strata,  the  coral  follows  the 
topography  of  the  rising  surface  along  a  contour  of  which  It  grew.  Where 
muddy  waters  or  frequent  eruptions  befoul  the  sea  there  are  no  coral  reefs. 

When  the  uplift  began,  say  ten  or  twelve  thousand  years  ago,  the  Island 
shores  were  steep  and  the  sea  about  them  was  relatively  deep,  so  ttiat  an 
upheaval  of  100  feet  added  but  little  to  the  area  of  the  Islands.  As  the  amount 
of  uplift  Increased  to  something  approaching  the  mean  depth  of  the  circumam- 
bient sea,  the  area  of  the  land  Increased  in  a  far  greater  ratio  to  the  increment 
of  upheaval.  The  last  rise  of  100  feet  has  rescued  from  the  seas  the  most 
valuable  part  of  the  archipelago.  Examination  of  the  charts  will  show  that  a 
fresh  rise  of  100  feet  would  add  a  further  area,  which,  though  important,  would 
be  less  important  than  the  actual  lowlands  of  the  Philippines.  The  plateau 
on  which  the  Island  stands  Is  now  mostly  above  sea  level. 

Area  has  been  added  to  the  laud  by  the  formation  of  deltas  at  the  mouths 
of  the  rivers,  a  process  which  has  been  greatly  assisted  by  the  mangrove  trees 
and  the  nipa  palm&  These  grow  in  the  water  in  all  favorable  situations,  and 
hold  back  the  solid  contents  of  the  streams,  adding  their  own  debris  to  the 
accumulation.  Along  the  eastern  shore  of  Manila  Bay  the  so-called  *'  estero  " 
or  **  bayou  "  country  consists  of  the  confluent  deltas  of  the  various  rivers  flow- 
ing into  the  bay. 

To  the  eastward  of  the  estero  country  the  ground  passed  over  by  General 
MacArthur's  army  from  Manila  to  San  Fernando  consists  of  low,  base-leveled 
terraces,  all  more  or  less  dissected  by  water  courses.  These  almost  always  have 
somewhat  high  and  steep  banks.  They  are  In  fact  engorged,  as  Is  character- 
istically the  case  In  a  country  undergoing  upheaval ;  for  upheaval  increases  the 
potential  energy  of  the  flowing  water  and  leads  to  erosion  of  the  stream  beds. 

In  my  published  memorandum  on  the  mineral  resources  of  the  Phlllpplnes,<> 
I  have  briefly  noted  the  distribution  of  valuable  minerals.  The  distribution  of 
gold  deposits  indicates  that  this  metal,  when  In  place,  is  associated  with  the 
older  rocks,  and  It  will  probably  be  found  that  the  last  great  addition  to  the 
auriferous  deposits  was  an  Incident  of  the  post-Eocene  upheaval.  In  some  parts 
of  the  world  gold  Is  found  in  neo-volcanic  rocks,  as  at  Bodle  In  California,  and 
elsewhere.  I  have  learned  of  no  such  occurrence  in  these  islands.  Where 
streams  in  the  Philippines  cut  into  the  older  rocks  they  seem  nearly  always  to 
carry  a  little  gold,  which  the  natives  have  been  exploiting  time  out  of  mind. 

I'here  Is  a  very  general  Impression  that  Mindanao  Is  a  rich  auriferous  region, 
though  little  definite  information  is  current  on  the  subject.  The  absence  of 
information  seems  to  add  the  attractions  of  the  imagination  to  the  tales  of  a 
few  prospectors.  It  Is  a  fact,  to  which  attention  should  be  called,  that  each 
of  the  two  auriferous  provinces  of  Mindanao— viz,  Surlgao  and  Mlsamls — has 
been  reported  upon  by  a  competent  expert  and  that  neither  expert  found  any- 
thing to  excite  his  enthusiasm.  There  is  gold  there,  beyond  a  doubt,  and  the 
natives  liave  been  extracting  It  on  a  modest  scale,  yet  with  no  little  skill,  for 
centuries.  The  Information  at  hand  points  to  very  moderate  auriferous  re- 
sources, comparable  with  those  of  the  Carollnas  and  Georgia  rather  than  with 
those  of  Colorado  or  California. 

Luzon,  so  far  as  I  can  Judge  from  reports.  Is  as  rich  in  gold  as  Mindanao. 
It  is  probable  enough  that  a  fair  number  of  spots  exist  in  which  capital  invested 
in  gold  mines  will  find  reasonable  remuneration,  but  I  fear  that  any  "  rush  " 
to  the  gold  fields  will  involve  great  disappointment.  The  whole  archipelago  has 
an  area  almost  the  same  as  that  of  Arizona.  There  is  nothing  known  which 
indicates  that  the  islands  contain  more  gold  than  this  Territory. 


<>  Nineteenth  Ann.  Kept  V.  S.  Geol.  Survey,  Part  VI  Continued,  1898,  pp.  087-693. 


MINERAL,  RESOURCES,  MINES,  AND  MINING.  11 

The  copper  deposits  of  Lepanto  seem  rich  and  extensive,  but  very  expensive 
roads  will  l>e  needed  to  render  them  available.  The  high  quality  of  some  of  the 
iron  ores  of  Luzon  is  beyond  question,  but  the  lignite  of  the  islands  is  not 
adapted  to  iron  smelting.  A  moderate  industry  could  be  based  on  charcoal 
smelting,  while  the  pig  iron  could  be  converted  into  steel  and  manufactured  by 
the  use  of  furnaces  burning  lignite  gas.  ^ 

The  so-called  coal  is  a  good  lignite.*'  Its  heating  effect  is  from  two-thirds  to 
three-fourths  that  of  the  best  steaming  coal.  There  are  great  quantities  of  this 
fuel,  and  much  of  it  could  probably  be  delivered  at  a  profit  on  vessels  at  $2.50 
(Mexican)  per  ton.  The  lignite  is  at  least  as  good  as  the  Japanese  *'coal,'* 
which  is  also  lignite.  The  Japanese  fuel  often  brings  $9  or  $10  (Mexican)  in 
Manila,  and  is  now  much  dearer;  so  that  unless  the  price  of  such  coal  were  to 
fall  enormously,  great  profits  await  the  coal  miner.  The  development  of  a  coal 
industry  is  of  great  Importance  to  the  industries  of  the  archipelago,  and  though 
our  naval  vessels  would  prefer  Cardiff  or  Pocahontas  coal,  they  could  use 
Philippine  lignite  in  case  of  need. 


[From  Report  on  the  Geology  of  the  Philippine  Islands,,  by  George  F.  Becker,  pp.  84-107. 
Twenty-flrst  annual  report  of  the  survey,  1899-1000.  Part  III.  General  Geology,  Ore 
and  Phosphate  deposits,  Philippines.] 

XIHE&AL  &ES0TT&CE8. 

CoaL 

True  (Paleozoic)  coal  does  not  exist,  so  far  as  T  am  aware,  anywhere  in 
Malaysia.  The  nearest  approach  to  it  is  a  black,  pitchy  lignite,  similar  to  that  of 
Washington.  The  difference  between  lignite  and  true  coal  lies  mainly  in  the 
quantity  of  combined  water,  which  not  only  diminishes  the  percentage  of  com- 
bustible material,  but  requires  the  expenditure  of  combustible  constituents  to 
convert  it  into  steam  or  dissociated  gases  of  the  temperature  of  the  flame.  The 
black  lignite  is  the  most  valuable  mineral  asset  of  the  Philippines,  and  Is  widely 
spread  from  southern  Luzon  southward.  It  is  difficult  to  trace  Its  distribution 
In  detail,  because  there  are  also  brown  lignites  of  small  value  at  many  points, 
while  the  reports  are  In  large  imrt  not  sufficiently  explicit  to  determine  which 
fuel  has  been  detected.  The  black  lignite  is  probably  of  EJocene  age,  like  the 
very  similar  fuel  of  Labuan,  in  North  Borneo,  w^ll  known  throughout  the  Far 
East,  and  other  Bomean  or  Javanese  lignites.  The  brown  lignites  in  the  Phil- 
ippines probably  correspond,  both  geologically  and  In  quality,  to  the  late  Ter- 
tiary lignites  of  Borneo.  The  Japanese  **  coal "  is  also  a  lignite,  and  at  least 
no  better  than  the  black  fuel  of  the  Philippines,  which  will  do  good  service  for 
all  local  purposes,  and  in  case  of  need  will  answer  for  vessels  of  war.  As  will 
be  seen  later,  its  heating  effect  is  approximately  from  two-thirds  to  three-quar- 
ters of  that  of  the  best  Paleozoic  steam  coals,  such  as  Cardiff. 

CJoal  seams  are  recorded  at  a  great  number  of  localities  In  the  Philippines, 
but  in  a  larger  proportion  of  cases  the  Information  Is  Insufficient  to  decide 
whether  the  occurrence  is  one  of  black  Eocene  lignite  or  the  later  brown  lignite. 
The  brown  fuel  In  so  heavily  wooded  a  country  would,  in  most  cases,  be  econom- 
ically worthless,  but  might  be  geologically  important.  To  some  extent  a  guide 
may  be  found  in  the  mining  concessions,  for  It  is  Improbable  that  anyone  would 
go  to  the  expense  of  taking  up  deposits  of  brown  lignite.  In  the  island  of 
Luzon  concessions  have  been  granted  only  in  the  extreme  southeastern  comer, 
the  province  of  Albay,  but  Centeno  states  that  applications  were  made  for  con- 
cessions in  Tayabas,  though  no  work  was  done.  I  am  not  aware  of  any  reason 
to  believe  that  Ek)cene  coals  exist  to  the  northward  of  Tayabas. 

Thus  the  following  localities  in  Luzon  at  which  fossil  fuel  has  been  found  ^ 
are  probably,  though  by  no  means  certainly,  late  Tertiary  lignites.  In  Cagayan 
there  is  an  occurrence  at  a  bayon  or  slough  called  Calbong,  in  the  township  of 
Amulnng.  In  Abra  lignite  is  found  on  the  river  Malauas,  in  the  township  of 
Dolores.    In  T'nlon  It  occurs  at  Arlngay.    Mr.  von  Drasche  was  unable  to  learn 

o  Lignite  differs  from  true  coal  chiefly  In  the  amount  of  combined  water, 
which  is  insigniflcant  in  true  coal  and  usually  from  8  to  18  per  cait  in  lignite. 
^Gula  Oficlal,  1808,  p.  125. 
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auytiilng  of  the  deposit  when  he  visited  the  town,  but  thought  it  might  be  in 
the  tuff.  Again,  in  the  island  of  Polillo  there  is  lignite  at  a  place  called  Burdeos, 
which  is  not  on  the  map ;  so,  too,  at  Norzagaray,  in  Bulacau,  and  at  Montalban, 
in  Manila  Province.  This  last  is  very  probably  associated  with  the  nummu- 
litic  limestone.  In  Morong  Province  there  is  lignite  at  Tatauiran  Gulch  and 
elsewhere. 

In  Tayabas  a  considerable  number  of  coal  mines  are  marked  on  Mr.  D'Al- 
monte's  map,  and  these  I  nm  inclined  to  refer  provisionally  to  the  BiOcene 
group.  That  more  is  not  heard  of  them  may  very  possibly  be  due  to  thinness 
of  seams  or  other  disadvantageous  features.  A  group  of  these  coal  prospects 
centers  at  Antimonan,  a  port  at  the  narrowest  part  of  the  Tayabas  Isthmus. 
These  mines  are  all  within  15  miles  of  the  town.  Two  are  on  Alabat,  an  island 
to  the  north.  There  are  also  two  little  islands  to  the  south,  Pagbilao  Grande 
and  Chico,  each  of  which  has  coal,  and  two  more  prospects  He  on  the  mainland 
to  the  southeast.  Farther  off  in  this  same  direction,  in  the  region  of  Macaleton, 
is  still  another  so-called  mine. 

In  Camarines  Norte  there  seems  to  be  no  coal,  while  in  Camarines  Sur  It  is 
found  near  Pasacao,  on  the  southwest  coast,"  and  also  on  the  Caramuan  Penin- 
sula, which  forms  the  eastera  extremity  of  the  province.  Jagor  ^  heard  that 
coal  was  found  at  three  localities  in  this  peninsula.  On  the  map  a  single 
one  is  marked.  Opposite  lies  the  island  of  Catanduanes,  which  administratively 
belongs  to  the  province  of  Albay.  In  this  island,  according  to  Mr.  Esplna, 
there  is  coal  at  Bato,  In  the  southeast  comer.  The  localities  just  mentioned 
seem  to  lie  at  the  edge  of  a  tield  which  stretches  southward  Into  Samar  and 
which  is  exremely  promising.  About  12  or  15  miles  to  the  southward  of 
Catanduanes  He  the  small  Islands  of  Carraray,  Batan,  and  Rapurapu.  Here 
the  lignite  Is  bla(»k,  resembling  bituminous  coal  In  appearance;  it  Is  of  excellent 
quality.  Is  found  in  seams  of  good  thickness,  and  Is  close  to  tide  water.  Mr. 
Esplna,  who  has  visited  the  place,  gave  me  the  following  notes: 

**  The  seams  are  lignite  and  their  thickness  Is  very  variable,  but  is  always 
greater  than  0.75",  and  never  exceeds  from  3""  to  4.50™.  The  dip  varies  from 
zero  to  37°  and  40*.  The  quality  of  the  coal  Is  fairly  good,  as  Is  shown  by  the 
following  analyses  made  In  the  InspeccWn  General  de  Mlnas  of  seven  speci- 
mens from  the  Bllboa  mine,  Vlscaya  district,  Batan.**  [Six  of  the  analyses  are 
of  the  coal,  and  show  very  little  variation ;  one  Is  of  the  bituminous  shale  imder- 
lying  the  seams.    The  mean  of  the  six  coal  analyses  Is  as  follows:! 

Mean  of  six  atwIj/KCff  of  coal  from  the  Bilhoa  mine,  Vincaya  district,  Batan. 

Per  cent. 

Hygrometrlc   water 13.518 

Volatile  substances 37.433 

Fixed  carbon .    44.455 

Ash 4.564 

Total 100.000 

Carbon  equivalent  to  combustible  constltutents 0.68035 

Carbon  equivalent  to  volatile  constituents .23560 

Calories  of  combustible  portion 5,497.22800 

Calories  of  volatile  portion 1.905.02750 

Quantity  of  steam  at  100°  from  water  at  40** kllos__  6.24918 

Fuel  requisite  to  produce  1  kilogram  of  steam do .  16656 

Mean  density 1. 30  to  1. 40 

Color,  jet  black,  with  Iridescence  and  high  luster ;  hardness,  less  than  steel : 
texture,  laminar  and  cleavable;  flame,  reddish  white  with  somewhat  dense 
smoke;  odor,  very  resinous;  ash,  yellowish,  duH  white;  duration  of  flame  1'  45". 

A  coal  mine  Is  marked  on  Mr.  D'Almonte's  map  In  western  Albay,  not  far 
from  Llbon  and  a  little  south  of  Lake  Bato.  Roth  ^  also  says  that  a  bituminous 
limestone  from  Monteclllo,  near  Libon,  contains  flsh  scales.  The  stone  is  used 
for  building.  It  would  be  interesting  to  ascertain  whether  a  connection  could 
be  established  between  the  coal  and  this  fosslllferous  limestone. 

The  Batan  coal  seems  to  reappear  at  Gatbo,  not  very  far  from  Bacon,  In 
Sorsogon  Province.    Among  the  seams  here  Centeno**  says  that  one  Is  from  4 

«  Esplna,  Llgero  Bosquejo,  1898,  p.  157.  <^  Jagor,  Reisen,  1873,  p.  349. 

t  Reisen,  1873,  p.  166.  '  Mem.  geol.-mln.,  1876,  p.  35. 
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to  8  meters  in  width,  nearly  vertical,  and  strikes  N.  20**  W.  This  coal  was 
tried  on  steamers  and  found  satisfactory.  A  company  undertoolt  to  exploit  It, 
but  with  what  success  I  do  not  know.  The  last  Luzon  locality  is  near  Magal- 
lanes,  latitude  12"*  50'.    Beyond  Its  position  on  the  map  I  have  no  information. 

In  Samar  according  to  Centeno,  the  coal  deposits  of  Sorsogon  continue.  He 
gives  a  locality,  Loquilocon,  and  Mr.  Abella  mentions  Qandara  and  Paranas. 
The  last  two  towns  are  on  the  west  coast,  at  a  considerable  interval.  A  line 
drawn  through  them  would  pass  near  Gatbo,  and  its  direction  would  be  very 
like  the  strike  of  the  bed  at  the  last-mentioned  place,  differing  some  60*"  from 
the  prevalent  strike  in  Cebu. 

There  is  coal  at  Catalngan  In  southeastern  Masbate,  and  two  concessions  have 
been  granted.  In  Marinduque  Mr.  Espina  reports  coal,  and  so,  too,  at  Subaan, 
on  the  north  coast  of  MIndoro,  but  without  details.  In  southern  Mlndoro,  at 
Bulalacao,  and  on  the  adjacent  islet  called  Semerara,  there  are  coal  seams 
which  appear  to  be  important  and  on  which  there  are  mining  concessions.  Mr. 
Espina  reports  the  quality  as  similar  to  that  of  Batan  and  the  thickness  of  the 
beds  as  from  75  centimeters  to  2^  meters.  Centeno  says  that  the  croppings  at 
Semerara  are  between  high- water  and  low- water  marks. 

In  Panay  Mr.  Abella  found  no  important  coal  seams,  but  thought  that  the 
thin  seams  found,  8  or  10  inches  In  width,  might  perhaps  be  accompanied  by 
others  of  more  value  now  covered  by  soil.  He  notes  especially  Balete,  Buru- 
nnga,  and  Valderrama,  In  Caplz  Province,  and  Dingle,  in  Hollo  Province.** 

In  the  northeastern  i)ortion  of  Negros  coal  seams  occur,  lying  G  or  8  miles 
form  the  coast  and  In  a  Hue  substantially  parallel  with  it.  They  are  exposed 
in  the  channels  of  the  rivers  Talabe,  Calatrava  (or  Macasilao),  and  Luzon.  It 
is  said  that  some  of  the  seams  are  of  good  width  and  quality.  I  visited  that  on 
the  Talabe,  but  found  nothing  of  value.  Two  seams  were  exposed;  neither 
had  over  a  foot  of  fuel,  and  they  carried  pyrlte.  The  lignite  was  jet  black,  and 
seemed  to  belong  to  the  same  class  as  the  Cebu  lignites.  The  seams  lay  bet\;\^een 
walls  of  bituminous  shale  and  dipped  30°  NW.  The  stratification  In  the  neigh- 
borhood was  much  disturbed.  There  were  many  pieces  of  float  coal  In  the 
river,  and  very  possibly  there  are  other  seams  hereabout,  but  the  natives  pro- 
fessed to  know  of  no  other  exposure.  It  was  my  Intention  to  explore  the  entire 
belt  of  deposits,  but  an  attack  on  my  escort  by  a  relatively  large  body  of  natives 
put  an  end  to  prospecting.  This  belt  Is  well  worth  examlnntlon  when  the  na- 
tives quiet  down.  Governor  I^arena  also  informed  me  of  a  coal  deposit  In  south- 
western Negros,  to  the  eastward  of  Cabancalan.  Efforts  to  obtain  detailed 
information  failed. 

Cebu  divides  with  Albay  and  Soi'sogon  the  reputation  of  being  the  most 
imi)ortant  coal  region  of  the  archipelago,  and  It  has  been  examined  with  care 
by  Mr.  Abella.  The  coal  occurs  chiefly  on  the  eastern  slope  of  the  central  range, 
between  Danao,  latitude  10°  30%  and  Boljoon,  latitude  9°  38'.  It  is  also  found 
on  the  west  coast  in  the  township  of  Toledo  (10°  17'),  Balamban  (10°  29'),  and 
Asturias  (10°  33').  The  principal  deposits  are  In  the  townships  of  Danao, 
Compostela  (10°  26'),  and  Naga  (10°  13').  In  1899  work  was  going  on  only 
at  the  Compostela  mines,  which  were  supplying  coasting  steamers  In  a  small 
way.  The  existence  of  coal  has  been  known  to  the  natives  for  an  Indefinite 
period,  and  a  mountain  In  the  Naga  district  bears  the  name  Tiling,  which  Is  the 
V'^lsaya  name  for  coal.  The  Spaniards  first  became  aware  of  the  coal  deposits 
in  1827.  Since  then  work  has  been  done  in  a  fitful  manner  from  time  to  time 
and  at  various  points,  but  nowhere  with  energy  and  method. 

While  coal  occurs  in  almost  every  township  along  the  eastern  coast,  Mr. 
Abella  properly  protests  against  speaking  of  the  region  as  a  coal  basin.  The 
strata  are  sharply  flexed,  folded,  and  faulted.  As  I  had  occasion  to  observe 
near  Mount  Ullng,  the  coal-bearing  series  not  infrequently  stands  in  a  vertical 
position,  and  the  conditions  are  such  that  continuity  can  not  be  dei)ended  uiwn. 
Most  careful  exploration  would  be  needful  In  oi)enlng  any  mine,  and  the  ex- 
penses of  mining  can  not  fall  to  be  seriously  Increased  by  the  position  and  frac- 
tured condition  of  the  seams.  At  the  same  time,  labor  Is  cheap,  the  distance 
to  the  shore  Is  only  a  few  miles,  and  the  Cebu  coal  should  be  able  to  compete 
with  Japanese  or  Australian  on  the  Manila  market  with  a  very  handsome  profit. 
The  seams  often  reach  4  feet  in  thickness,  and  one  at  Compostela  is  over  8  feet 
in  width.  The  strike  is  characteristically  to  the  east  of  north,  or  In  the  direc- 
tion of  the  axis  of  the  island,  while  the  dip  is  westerly  or  easterly,  according 


<»  Isla  de  Panay,  1890,  p.  201. 
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as  the  seam  is  on  one  side  or  the  other  of  the  local  axis  of  folding.  The  dip  Is 
seldom  under  30**,  and  rises  to  80°  or  90*".  Some  of  the  seams  are  of  very 
good  quality,  being  free  from  pyrite  and  standing  the  weather  well.  There  are 
pyritous  seams,  however. 

The  best  idea  of  the  quality  is  to  be  had  from  Mr.  Abella*s  assays.  As  is 
well  known,  the  resuUs  of  coal  assays  vary  considerably  with  the  method  em- 
ployed. For  this  reason,  Mr.  Abella  very  wisely  assayed  Cardiff  coal  and 
Australian  coal  at  the  same  time  and  by  the  same  method  as  his  Cebu  coals. 
As  the  chief  point  of  interest  in  such  tests  is  to  ascertain  the  relative  value  of 
the  material  tested,  the  result  is  aitirely  satisfactory.  Tests  of  some  of  these 
coals  were  also  made  on  Spanish  war  vessels  and  under  boilers  at  the  arsenal 
at  Cavite.  In  these  last  the  quantity  of  water  evaporated  per  unit  of  coal  was 
6.5  units.  The  conclusion  drawn  from  the  tests  on  the  Santa  Filomena,  a 
government  vessel,  was  that  for  the  ordinary  purposes  of  navigation  the  coal 
is  acceptable  even  burned  alone,  but  when  mixed  with  one-third  CardiiT  coal 
the  results  are  excellent.  For  further  details  of  these  tests  I  must  refer  the 
reader  to  Mr.  Abella's  memoir,  but  I  reproduce  here  his  table  of  analyses.  Only 
the  first  two  of  them  fairly  represent  the  coal  below  the  surface  unimpaired  by 
weathering. 
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I  made  a  visit  to  the  neighborhood  of  Mount  Uling  from  Naga.  All  the  min- 
ing prospects  were  abandoned  and  caved  in,  and  the  deep  soil  concealed  ex- 
posures, except  in  the  beds  of  the  water  courses.  I  saw  several  exposures,  the 
best  of  which  was  in  the  bed  of  a  brools  called  Cambagnao,  to  the  southeast 
of  Mount  Uling  i)ealj,  at  an  altitude  of  some  600  feet  Here  a  thiclmess  of  4 
feet  was  exposed,  while  the  bottom  of  the  seam  could  not  be  reached.  The  coal 
was  bright  and  free  from  pyrite ;  the  seam  was  nearly  flat,  with  a  slight  south- 
erly dip ;  the  hanging  wall  was  sandy  shale.  This  coal  was  somewhat  Jointed. 
At  a  quarter  of  a  mile  below  this  exposure  the  strata  In  the  stream  bed  are 
vertical.  The  crest  of  the  range  above  the  coal  deposit  is  formed  by  a  cliff  of 
coral  limestone  100  feet  or  so  in  height  It  is  perfectly  evident,  however,  that 
the  coral  roclc  rests  upon  upturned  and  considerably  faulted  strata.  A  speci- 
men of  Mount  Uling  coal,  from  the  claims  of  the  Philippine  Mining  apd  De- 
velopment Company,  was  analyzed  in  the  laboratory  of  this  survey  in  June, 
1900,  by  Mr.  George  Steiger,  and  gave  the  following  results : 

Analj/His  of  Mount   Uling  coal. 

For  cent. 

Moisture ^   - 8.74 

Volatile  matter-    43.01 

Fixed  carbon- .     .      .^  46.29 

Ash -           1.96 


Total -         -        100.00 

Sulphur -  -  -      --        0.36 

Phosphorus.-      _-   _- 0.02 

The  coke  sinters  together  slightly,  but  is  not  firm.     The  ash  is  red-brown. 

It  will  be  observed  that  this  analysis  corresponds  pretty  well  with  the  anal- 
yses of  Compostela  coals  by  Mr.  Abella.  As  is  well  known,  the  amount  of  fixed 
carbon  obtained  from  a  coal  varies  somewhat  with  the  method  of  manipulation, 
so  that  this  determination  Is  largely  a  matter  of  convention.  The  method  em- 
ployed In  the  laboratory  of  the  survey  is  given  in  the  report  of  the  committee 
on  coal  analysis.** 

I  was  not  permitted  by  the  commanding  officer  In  Cebu,  Colonel  Hamer,  to 
visit  Compostela  and  Danao,  because  the  natives  were  on  the  eve  of  a  serious 
outbreak. 

I-.eyte  possess  coal,  but  even  the  name  of  the  locality  Is  unknown  to  me.  It 
is  said  to  be  In  the  southwestern  imrt  of  the  Island.  An  analysis  made  In  the 
InspeclOn  de  Mlnas  showed  It  to  be  of  the  same  class  as  the  Cebu  coal,  giving 
5,800  calories. 

In  Mindanao  and  Its  adjacent  Islets  coal  Is  knowni  to  exist  at  many  iK)lnt», 
but  beyond  the  presence  of  the  seams  I  have  been  unable  to  ascertain  anything. 
I  can»  therefore,  only  catalogue  them.  On  the  small  Island  of  Dlnagat,  near 
the  northeast  cape  of  Mindanao,  there  Is  coal,  at  Tubajon.  On  the  Islet  Slargao 
(near  Dlnagat)  coal  occurs  at  Numancla,  on  the  west  side,  and  at  Cabuntug, 
on  the  east.  Well  down  on  the  east  coast.  In  latitude  8°  10',  is  point  Sancop, 
which  is  also  a  coal  locality,  as  is  the  river  Casauman,  In  latitude  7°,  and  Mati, 
or  Mattl,  In  latitude  6°  50'.  On  the  south  coast.  In  latitude  6°  4',  and  on  the 
same  meridian  as  Illgan,  Is  the  river  Craan,  or  Gran,  and  here,  too,  coal  is 
found.  Knowledge  of  all  of  these  localities  I  owe  tg  Mr.  Esplna.  According 
to  the  Ouia  Oficial,  there  Is  coal  a  few  miles  north  of  Illgan,  at  Naauan,  and 
the  same  authority'  gives  a  locality,  Marasingan,  which  I  can  not  find.  A  trust- 
worthy Filipino  told  me  that  the  coal  at  Naauan  was  good.  Baron  von  Rlcht- 
hofen  speaks  of  lignite  of  admirable  quality  from  the  Gulf  of  Slbugal  to  the 
northeast  of  Zamboanga,  without  specifying  the  precise  locality.  Coal  is  reiwrteil 
by  Montero  in  Balabac.^ 

While  it  seems  reasonable  to  class  all  the  Visayan  coals  mentioned  above  as 
Eocene,  because  of  their  composition  and  the  stratlgraphlcal  relations  In  Cebu 
and  Xegros,  the  same  assumption  Is  not  justified  In  Mindanao,  for  lack  of  knowl- 
edge. It  would  be  In  no  way  surprising,  however,  to  find  the  coals  of  eastern 
Mindanao  similar  to  those  of  Lejrte,  which  Is  clearly  a  continuation  of  the 
Surlgao  Peninsula. 


«  Jour.  Am.  Chem.  Soc,  Vol.  XXI,  1899,  p.  1116. 

6  El  arch.  Fil.,  etc.,  su  hist,  geog.,  y  estad.,  Madrid,  1886,  p.  433. 
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Gold. 

There  is  scarcely  a  province  in  the  Philippines  in  which  gold  has  not  been 
obtained  by  the  natives,  who  are  skillful  pan  miners  and  clever  in  dealing  with 
accessible  quartz.  Gold  mining  is  with  them  an  ancient  industry.  It  is  said 
that  Chinese  writings  of  about  the  third  century,  A.  D.,  rei)ort  gold  as  the  chief 
product  of  Luzon.*  Before  Magellan's  arrival  it  seems  certain  that  commerce 
was  carried  on  with  China,  and  that  the  Filipinos  paid  for  sllljs  and  other  manu- 
factures in  gold,  trepang,  dyewoods,  and  edible  bird's  nests.*  The  unconstrained 
life  and  dazzling  possibilities  of  gold  digging  suit  the  happy-go-lucky  tempera- 
ment of  the  Filipino,  and,  since  10  cents  a  day  is  **  wages,"  they  have  been  able 
to  work  deposits  down  to  a  very  low  grade.  Even  the  tricks  of  the  trade  are  not 
unknown  to  them,  and  at  the  time  of  my  visit  to  one  army  post  the  native  miners 
nearly  succeeded  In  Inducing  American  officers  to  take  an  Interest  In  gravel 
salted  with  brass  filings.  Some  of  the  fields  seem  pretty  well  exhausted  above 
water  level,  and  it  would  be  rash  to  assume  that  there  is  any  really  virgin  ground 
among  the  alluvial  deposits  or  any  cropplngs  not  familiar  to  the  natives. 

The  more  Important  known  gold  fields  are  three  in  number,  and  the  most 
northerly  of  them  lies  about  Mount  Data,  In  the  country  of  the  Igorots.  Data 
is  in  the  Cordillera  Central  and  in  latitude  16°  55'!  The  second  and  best-known 
district  Is  that  of  Camarines  Norte,  very  accessible  by  sea,  and  about  115  miles 
to  the  E.  by  S.  of  Manila.  The  only  other  hopeful  region  Is  the  northeastern 
i)ortion  of  Mindanao  and  the  adjacent  islets. 

The  following  note  on  gold  In  Luzon  was  complied  for  me  by  Mr.  Luis  Espina 
from  the  records  of  the  Inspeccl6n  de  Mlnas  In  Manila,  of  which  he  was  In 
charge  in  September,  1898 : 

"  Grold  Is  found  in  moderate  quantities  nearly  all  over  the  Island  of  Luzon^ 
but  more  particularly  and  under  conditions  favorable  for  exploitation  In  the 
following  townships  and  districts,  proceeding  from  north  to  south : 
"1.  Abra  Province. 

"2.  Village  named  Fldelisan,  Bontoc  Province. 
"3.  Village  named  Suyuc,  Lepanto  Province. 
"  4.  Village  named  Tubuc,  Lepanto  Province. 
"6.  Village  named  Dugon,  Lepanto  Province. 
"  6.  Village  named  Acupan,  Benguet  Province. 
"7.  Village  named  Tablo,  Benguet  Province. 
"  8.  Village  named  Capunga,  Benguet  Province. 
"9.  Village  named  Itogon,  Benguet  Province. 

"  10.  Village  named  Gapan,  Nueva  Eclja. 

"11.  Village  named  Penaranda,  Nueva  Eclja. 

"12.  Village  named  Paracale,  Ambos  Camarines. 

"  13.  Village  named  Mambulao,  Ambos  Camarines. 

"14.  Village  named  Labo,  Ambos  Camarines. 

"  15.  Village  named  Capalongan,  Ambos  Camarines. 

"  16.  Village  named  Maculabo,*'  Ambos  Camarines. 

"  In  the  province  of  Abra  gold  Is  found  In  alluvial  deposits,  and  In  the 
sands  of  the  river  of  the  same  name,  as  grains,  and  has  an  average  fine- 
ness of  0.750  to  0.792.  In  the  province  of  Lepanto  gold  occurs  In  three  differ- 
ent ways — in  veins,  in  alluvial  deposits,  and  In  river  sands.  Its  fineness  Is 
from  0.792  to  0.833,  and  It  Is  somewhat  light  colored  because  of  a  considerable 
silver  content.  It  is  usually  accompanied  by  ores  of  silver,  copper,  iron,  and 
lead.  In  the  provinces  of  Bontoc  and  Benguet  the  deposits  are  In  all  respects 
analogous  to  those  of  Lepanto.  In  the  province  of  Nueva  E3cija  the  gold  is 
exceedingly  pure,  brilliant  In  color,  and  0.958  fine.  It  Is  found  as  rounded 
particles  in  alluvium  and  sometimes  in  small  crystals." 

The  Igorots,  who  inhabit  Abra,  Bontoc,  Lepanto,  and  Benguet,  are  extra- 
ordinarily reticent  about  their  gold  mining.  Nearly  two  hundred  years  ago 
Morga  wrote  that  the  "  Ygolotes  "  would  not  permit  the  Spaniards  access  to  tl!0 
mines.^    Ev«i  Semper,  who  stood  on  intimate  terms  with  the  Filipinos,  was  not 

«Dr.  O.  F.  von  M611endorf,  formerly  German  consul  at  Manila,  is  quoted  by 
Mr.  F.  Karuth  as  making  this  statement :  U.  S.  Cons.  Kept,  1898,  p.  414. 

^  Jagor,  Relsen,  1873,  p.  10,  citing  Morga,  Sucesos  de  las  is.  Fil.,  1609. 

**  Islet  10  miles  from  Mambulao. 

^  Succesos  de  las  islas  Flliplnas  Mexico,  1609,  p.  134.  This  rare  work  is  in 
the  library  of  Harvard  College. 
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allowed  to  visit  any  gold  mines  in  the  Cordillera  Central.  An  Englishman  of 
long  residence  in  northern  Luzon,  who  had  handled  much  Igorot  gold  commer- 
cially, informed  me  that  no  outsiders  of  any  race  were  permitted  to  visit  the 
quartz  mines  or  even  to  pro8i)ect  for  quartz,  though  such  are  sometincies  allowed 
to  wash  gravels  in  the  streams  of  the  Agno  and  the  Abra  river  basins.  This 
concession,  I  take  it,  is  a  sign  that  the  Igorots  consider  such  gravels  pretty  well 
exhausted.  As  will  be  seen  In  the  account  to  be  given  of  the  copper  deposits, 
the  Ijjorots  are  gifted  with  mechanical  skill  and  are  not  afraid  of  solid  rock. 
It  Is  to  be  inferred  that  their  quartz  mining,  though  rude,  Is  tolerably  effective, 
and  perhaps  approaches  Mexican  work.  The  great  toiK)graphical  accentuation 
of  their  country  favors  tunnel  drainage  and  must  enable  them,  in  many  cases, 
to  disiiense  with  pumping  or  balling.  Beyond  the  information  already  given, 
I  have  been  able  to  ascertain  nothing  of  interest  concerning  this  northern  dis- 
trict, which,  as  has  been  noted  elsewhere,  lies  in  a  region  of  crystalline  schists 
and  older  massive  rocks.  I  am  aware  of  no  indication  that  neo-volcanic  rocks 
are  so  associated  with  the  quartz  veins  as  to  lead  to  the  hypothesis  that  the 
gold  dei)08its  are  related  to  these  eruptions.  Indeed,  throughout  the  archi- 
pelago the  phenomena  point  to  an  age  at  least  as  great  as  the  Mesozoic  for  the 
greater  part  of  the  gold,  while  analogy  with  other  gold  fields  suggests  that  the 
Tertiary  period  of  volcanism  must  have  brought  about  a  partial  renewal  of  the 
conditions  necessary  and  sufficient  to  lead  to  gold  deposition.  The  correspond- 
ing phenomena,  however,  are  yet  to  be  observed. 

The  gold  district  of  Camarines  Norte  is  also  In  the  gnelssic  rocks.  Here 
quartz  veins  are  found  carrying,  besides  gold,  iron  pyrite,  copper  pyrite,  galena, 
and  zinc  blende,  sometimes  also  accompanied  by  lead  chroma te.  At  Labo, 
Centeno<»  notes  that  native  copper  Is  occasionally,  yet  rarely,  observed  in  the 
veins,  and  Morga  observes  that  the  gold  is  alloyed  with  copper.  The  general 
direction  of  the  veins  in  this  region,  according  to  Centeno,  is  north  and  south, 
except  those  of  Gumlhan  and  of  Mount  Lugas,  which  strike  northwest.  They 
are  approximately  vertical,  and  their  width  Is  from  1  to  5  inches,  though  at 
some  iwlnts  they  are  much  wider,  reaching  3  or  4  hands  (palmas),  but  In  such 
cases  they  become  poorer. 

Mr.  von  Drasche  made  an  excursion  from  Mambulao  to  a  locality  called 
Dagupan,  which  had  recently  bt»en  oi)ened  up,  and  Imparts  the  following  Infor- 
mation : 

"The  road  from  Mambulao  leads  southwesterly  over  black  clay  slates. 
These  clay  slates,  of  uncertain  age,  are  intersected  by  numerous  intensely  cor- 
roded cellular  quartz  stringers,  in  which  the  gold  occurs.  The  water  courses 
carry  numerous  auriferous  i)ebbles  and  sand,  which  is  washed  for  gold.  At 
the  time  of  my  visit  a  great  number  of  small  shafts  were  also  being  driven, 
some  15  fathoms  (Klafter)  deep,  especially  at  points  where  quartz  stringers 
were  visible  at  the  surface.  The  very  primitive  methods  of  concentration  nat- 
urally involve  the  loss  of  a  great  part  of  the  gold,  but  the  profits  seemed  to  me 
good,  for  there  were  more  than  700  men  and  women  at  work."* 

Of  course  there  are  numerous  placer  mines  in  this  region,  but  of  these  there 
is  nothing  special  to  tell.  Beach  sands  are  also  washed.  ReiK)rts  indicate  that 
gold  is  found  in  the  wall  rocks  as  well  as  in  the  veins,  but  I  suspect  that  this  is 
for  the  most  part  an  erroneous  conclusion.  In  such  a  country  the  saprollte,  or 
rotten  rock  in  place,  is  often  auriferous,  even  when  the  tiniest  quartz  stringers  . 
can  not  be  found,  and  this  is  to  be  traced  to  the  solution  or  replacement  of  small 
auriferous  quartz  stringers,  the  gold  after  the  removal  of  the  quartz  remaining 
in  the  saprollte.  Mr.  von  Drasche's  statement  that  the  stringers  are  corroded 
and  cellular  shows  that  such  solvent  action  is  going  on,  and  miners  should 
at  least  beware  of  assuming  that  there  Is  gold  In  the  solid  rock,  excepting  at 
contact  with  veins. 

Mr.  Thomas  Browne,  a  miner.  Informed  me  that,  at  Paracale,  the  rock  is 
granitic  and  the  nearly  vertical  veins  strike  N.  about  40°  E.    He  stated  that 

«>re  are  veins  as  much  as  20  feet  in  width ;  and  a  chute  in  one  is  alleged  to 
ve  given  assays  as  high  as  38  ounces  to  the  ton.    Such  assays,  of  course,  mean 
very  little,  for  it  Is  seldom  that  a  gold  mine  offers  no  rich  specimens. 

The  descriptions  of  Camarines  Norte  remind  me  greatly  of  the  gold  fields  of 
the  southern  Appalachians,  .jvhere  also  tiny  veins  and  auriferous  saprollte  play 
a  relatively  large  part.    I  catf'see  nothing  to  indicate  that  Camarines  will  ever 

«Memoria  geologica-minera,  1876,  p.  47. 

*Fragmente,  1878,  p.  63.  I  do  not  find  Dagupan  near  Mambulao.  There  is 
gold  at  Tumbaga,  a  little  west  of  south  from  Mambulao. 


MINEBAL  RESOURCES,   MINES,   AND  MINING.  19 

be  very  important  as  a  gold-producing  region.  Certainly  it  is  no  "  poor  man*s 
country,"  nor  has  it  yet  proved  profitable  to  enterprises  with  capital.  The 
industrial  history  of  this  district  is  one  of  decadence.  It  must  have  been  of 
this  region  that  Hernando  Riquel  wrote  in  1574  in  his  "  very  true  and  certain 
account  of  what  has  recently  been  known  concerning  the  new  islands  of  the 
West."  He  says  that  in  Luzon  "  there  are  many  mines  of  gold  in  many  parts 
which  have  been  seen  by  Spaniards,  and  all  say  that  the  native^  work  it  as 
they  work  silver  mines  in  New  Spain.  And  the  metal  has  a  continuous  vein 
like  the  silver  ore.  Trials  have  been  made,  and  the  mineral  presents  Itself  so 
plentifully,  that  I  do  not  write  about  it,  lest  they  should  suspect  me  of  exaggera- 
tion [how  convincing  is  such  fine  self-control !] ;  but  it  is  sufficient  to  say  that 
I  swear,  as  a  Christian,  that  there  is  more  gold  in  this  island  than  there  is 
iron  in  Biscay."  « 

Tradition,  indeed,  indicates  that  the  placers  were  originally  very  rich;  and 
this  there  is  no  reason  to  doubt.  According  to  Morga,  the  natives  worked  them 
with  more  energy  before  the  Spanish  conquest  than  after  It.  Spaniards  coming 
from  Mexico  early  settled  in  Camarlnes  Norte,  and  brought  with  them  Mexican 
methods  of  treating  the  ore,  which  are  still  practiced  there.  In  1643  the  Crown 
levied  a  royalty  of  a  fifth,  which  was  later  reduced  to  a  tenth.  In  Morga's  time 
(1609)  the  reduced  royalty  yielded  $10,000  annually,  and  Gemelll  Carreri 
learned  from  the  governor  at  Manila  that  the  product  was  $200,000,  which  Is 
a  reasonable  figure,  since  such  a  royalty  was  sure  to  be  evaded  In  large  measure. 
Spaniards  began  to  establish  works  on  a  large  scale  about  1700,  and  ever  since 
that  time  there  has  been  a  long  procession  of  enterprises  following  one  another 
to  disaster  and  oblivion.  The  nearest  approach  to  success  seems  to  have  been 
attained  by  Francisco  Estorgo,  In  the  middle  of  the  last  century.  He,  lucky 
man,  after  losing  one  fortune  at  Mambulao,  made  another  at  Paracale,  and 
wisely  went  home  to  Spain.  In  1876  Centeno  rei>orted  that  the  production  was 
30  ounces  a  month,  bringing  about  $10  per  ounce,  so  that  the  annual  gross 
receipts  of  the  entire  mining  population  were  $3,600.  It  Is  to  be  hoped  that 
expenses  were  small,  and  It  is  no  wonder  that  Jagor  found  the  i)eople  almost 
naked  and  extremely  poor.^' 

For  pulverizing  the  ore  the  natives  use  a  species  of  trip  hammer  made  by 
attaching  a  heavy  stone,  serving  as  a  head,  to  a  sapling.  A  second  stone 
answers  for  an  anvil.  After  placing  the  quartz  on  the  anvil,  the  workman 
drives  down  the  head,  the  elasticity  of  the  sapling  raising  it  again  for  a  fresh 
blow.  The  crushed  quartz  is  ground  In  an  arrastre.  concentrated  In  a  batea, 
and  washed  clean  In  a  cocoanut  shell.  In  this  last  oi)eratlon  a  soapy  vegetable 
sap  (gogo)  Is  added,  I  fancy  in  order  to  prevent  gold  from  floating. 

In  Panay,  Mr.  Abella  gives  a  number  of  localities  at  which  gravels  have  been 
washed  for  gold,  seemingly  without  notable  success.  The  best  of  them  appears 
to  be  at  Astorga,  a  suburb  of  Dumarao.  This  town  is  In  the  province  of  Caplz 
and  its  latitude  is  11**  16'.  No  product  is  stated.  In  the  province  of  Hollo 
gold  Is  known  at  San  Enrique  and  Barotoc  Vlejo.  In  Cebu  'there  are  old 
workings,  but  all  of  them  were  abandoned  in  1886.  Some  of  them  had  been 
opened  on  pyritous  veinlets  In  dlorlte.  In  the  Island  of  Samar  there  is  gold  at 
Pambujan. 

The  Island  of  Panaon  lies  Immediately  south  of  Leyte.  On  Its  eastern  coast 
is  a  settlement  called  "  Pinutan,"  and  a  short  distance  to  the  southeast  of  the 
town  is  a  mine  which  was  examined  by  William  Ashbumer.  Several  veins  of 
quartz  outcrop  on  the  coast,  and  extend  in  a  westerly  direction  Into  the  moun- 
tain. These  veins  are  parallel ;  they  strike  east  and  dip  south.  The  wall  rock 
is  "greenstone-porphyry."  There  is  some  wall  rock  in  the  vein,  and  the 
snlphurets  are  chiefly  pyrlte,  accompanied  by  galena  and  zinc  blende.  One 
vein,  about  6  feet  wide,  has  been  worked  to  a  considerable  extent,  some  871 
tons  having  been  treated  up  to  1883.  The  yield  was  $6  or  $7  per  ton.*  Con- 
cessions for  gold  mining  have  been  granted  at  Tigbauan,  Just  south  of  Pinutan, 
and,  according  to  the  Compendlo  de  Geografia,  there  was  a  productive  mine  at 
Inolinan.  This  name  is  borne  by  a  point  in  the  southwestern  part  of  the  island 
of  Panaon,  but  no  settlement  called  "  Inolinan  "  is  marked  on  the  map.    The 

«  Broad  sheet  printed  at  Seville  In  1574.    Taken  from  App.  4  to  H.  E.  J.  Stan- 
ley's translation  of  Morgans  Sucesos  de  las  Islas  Fillplnas,  Mexico,  1609,  Lon- 
don, for  the  Hakluyt  Soc..  1868. 
.    *  Cf.  Centeno,  Mem.  geol6g.-min.,  p.  47 ;  and  Jagor,  Reisen,  pp.  141,  150. 

^  Manuscript  report. 
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deposits  of  this  island  are  evidently  near  together  and  doubtless  In  the  same 
formation. 

The  mystery  of  the  unknown  still  hangs  about  the  island  of  Mindanao,  and 
there  is  an  impression  in  many  minds  that  it  is  an  eldorado.  More  is  known 
of  it  than  is  generally  supposed,  and  what  is  known  justifies  no  extravagant 
anticipations.  The  auriferous  regions  are  two;  one  of  them  lies  immediately 
south  of  the^ay  of  Macajalar,  on  the  north  coast.  In  the  province  or  district 
of  Misamis;  the  other  comprises  the  eastern  coast  range  of  the  island,  in 
Surlgao  Province,  but  is  only  known  to  contain  gold  in  promising  quantities 
near  the  northern  end  of  that  range.  Of  the  two  districts,  that  in  Misamis 
is  the  more  famous. 

The  Misamis  gold  field  has  been  reiwrted  upon  by  Salnz  de  Baranda,  Centeno, 
Mlnard.  and  Abella.  The  last-named  geologist  studied  this  region  more  thor- 
oughly than  the  others,  and  Is  the  chief  authority  on  the  subject. 

The  auriferous  deiwslts  Include  veins,  placers,  and  river  sands;  the  veins, 
however,  have  been  worked  only  to  a  slight  extent  and  were  abandoned  long 
before  Mr.  Abella's  visit.  Very  little  gold  comes  from  the  river  beds.  The 
placers  He  near  the  rivers,  but  at  some  distance  above  them,  and  It  Is  evident 
from  the  descriptions  that  the  recent  uplift  of  the  coast  has  engorged  the  rivers 
to  some  extent. 

Four  rivers  emptying  Into  the  Bay  of  Macajalar  are  flanked  by  placers. 
The  most  Important  Is  the  Iponan,  and  the  gravels  are  scattered  along  It  for  a 
distance  of  12  miles.  On  the  Rio  Cagayan  (not  to  be  confounded  with  the  great 
river  of  northern  Luzon),  or  rather  on  a  tributary,  the  Bltog,  there  are  gravels 
for  about  2  miles.  There  Is  a  single  placer  on  the  Blgaan  and  two  on  the  Cut- 
man.  The  one  locality  where  gold-bearing  quartz  in  place  is  found  Is  also 
close  to  the  Cutman,  less  than  3  miles  from  the  town  of  Agusan.  These  rivers 
are  known  to  be  accompanied  by  placers  farther  south  than  the  latitude  of 
Illgan — say  8'  10' — but  that  part  of  the  country  was  In  the  hands  of  hostile 
Mohammedans  and  was  Inaccessible  to  Mr.  Abella.  The  Moros  worked  them, 
however,  doubtless  by  the  same  methods  as  the  Christian  Indians  of  the  coast. 
Along  the  Iponan  the  gravels  are  found  at  an  elevation  above  the  river  which 
usually  does  not  exceed  66  feet,  or  20  meters.  They  are  not  continuous,  but 
occur  in  patches,  the  conditions  showing  that  intermediate  areas  have  be&x 
removed  by  erosion.  They  rest  on  marls  or  conglomerates,  supposed  to  be  Ter- 
tiary, and  the  miners  distinguish  three  layers — black,  grass-root  soil;  red 
plastic  clay;  and  the  pay  streak  (dugc&lon).  The  last  consists  of  sand,  quartz, 
pebbles  of  porphyry,  and  pebbles  of  magnetite.  The  pay  streak  runs  from 
half  a  meter  to  3  meters  In  thickness,  and  seems  to  average  about  1.6  meters, 
or,  say,  5i  feet.  Mr.  Abella  was  at  much  pains  to  determine  the  amount  of  gold 
per  cubic  meter  In  the  Iponan  placers,  and  found  It  about  3.5  grams.  The 
average  fineness  of  the  gold  Is  0.658,  and  the  pay  gravel  would  therefore  run 
1  pennyweight  3  grains  per  cubic  yard  In  fine  gold. 

The  placers  of  the  other  river  basins  Just  mentioned  differ  inconsiderably 
from  those  of  Iponan.  The  gold  from  the  Cagayan  Is  a  little  finer,  that  from 
the  Blgaan  and  the  Cutman  a  little  baser.  The  thickness  of  the  pay  streaks 
is  within  the  same  limits. 

The  river  washings  amount  to  nothing  in  the  way  of  product  It  is  well  to 
note  that  those  engaged  In  It  make  from  121  to  25  cents  a  day. 

Quartz  stringers  carrying  gold  are  found  at  Plgholugan  Hill,  on  the  right 
bank  of  the  Cutman,  between  the  gulches  called  Cabagcahan  and  Plgholugan. 
The  rock  Is  metamorphlc  arglllo-slllceous  slate,  striking  north-northeast.  The 
stringers  vary  In  thickness  from  1.6  to  8  Inches,  and  are  nearly  vertical, 
striking  east.  They  contain  wire  gold  as  well  as  metal  In  scales,  and  a  little 
arsenopyrlte.    There  are  ancient,  abandoned,  caved-in  workings  on  this  deposit 

It  Is  a  remarkable  fact,  pointed  out  by  Mr.  Mlnard,  that  the  Misamis  gravels 
contain  platinum  as  well  as  gold,  a  statement  confirmed  by  Mr.  Bspina,  but 
not  referred  to  by  Mr.  Abella.  Mr.  Mlnard  also  found  in  the  placers  flakes 
of  lead,  which  he  supposed  to  be  native.  In  all  probability,  however.  It  is 
Spanish,  much  ammunition  having  been  expended  at  various  times  in  this 
region. 

In  working  the  placers  the  natives  concentrate  by  a  species  of  puddling  and 
handle  the  concentrates  with  the  batea  and  the  cocoanut  shell,  which  In  the 
Philippines  seems  to  take  the  place  of  the  horn  spoon  in  Mexico.  Placers  are 
worked  only  in  the  rainy  season.  I  do  not  find  In  Mr.  Abella*s  memoir  any 
estimate  of  the  output.    Mr.  Centeno  puts  it  at  about  $27,000  per  annum. 

According  to  the  Compendlo  de  (Jeograffa,  the  eastern  range  of  Mindanao 
is  auriferous  from  its  northern  extremity  as  far  south  as  Caraga,  latitude 
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7*  12',  but  chiefly  in  the  neighborhood  of  Surigao,  Malnlt,  Taganaan,  Placer 
(all  within  20  miles  of  the  northern  cape),  Lianga  (latitude  8°  33'),  and 
Surigao  (latitude  8**  25').  Centeno  gives  some  further  details.  In  the  town- 
ships of  Taganaan  the  localities  are  Bagon-Duangan  and  Dauao.  In  Placer 
Township  the  gold  is  found  at  Tinabingan.  The  most  important  district,  he 
says,  is  in  the  mountains  of  Canimon,  Blnutong,  and  Canmahat,  "a  day's 
Journey"  (10  miles?)  from  the  town  of  Surigao.  Here  there  are  veins,  in 
talcose,  serpentlnoid  slate,  up  to  3i  inches  in  width.  Some  are  quartzose  and 
others  carry  carbonates.  In  these,  especially  the  latter,  occurs  gold  with  iron 
and  copper  pyrlte,  galena,  and  zinc  blende.  The  rich  veins,  he  says,  strike 
east  and  west,  while  other  poorer  or  barren  veins  take  other  directions.  The 
veins  are  pockety,  and  very  little  work  has  been  done  on  them. 

William  Ashbumer,  a  California  mining  expert  of  note,  visited  Surigao  In 
1883.  He  examined  some  washings  on  the  Consuran  River,  where  the  Riga 
empties  Into  It,  8  miles  south  of  the  town  of  Surigao.  Here  he.  found  gold 
which  was  angular  and,  in  one  case,  filiform.  He  met  no  quartz,  and  thought 
the  gold  must  come  from  decomposed  eruptive  rock.  In  discussing  Camarlnes 
•Norte  I  have  referred  to  the  fact  that  quartz  may  be  removed  by  solution,  or 
converted  into  silicates.  Ashbumer  was  informed  that  $20,000  had  been  taken 
out  during  the  previous  year.  The  placer  is  worked  in  the  same  way  as  are  the 
placers  on  the  Iponan.  He  also  examined  a  slate  belt  at  the  head  of  the  Con- 
suran, which  contained  irregular  gold-bearing  pockety  stringers  of  quartz  and 
spar.  This  must  be  near  the  locality  called  Canimon  by  Centeno,  and  Is  perhaps 
identical  with  it.  It  evidently  resembles  Pigholugan  in  Mlsamls.  Ashbumer 
visited  Placer  to  see  a  deposit  forming  a  ridge  between  two  small  streams  and 
rising  to  a  height  of  150  or  200  feet.  Here  he  found  fragments  of  auriferous 
quartz,  which  were  being  worked,  but  no  vein.  Neither  In  this  region  nor  In  the 
Island  of  Panaon  was  Ashburner  able  to  find  anything  which  he  could  recom- 
mend to  his  clients.  Indeed,  all  the  reports  from  Mindanao  made  by  responsible 
engineers  Indicate  very  mediocre  deposits,  a  large  part  of  which  is  already 
exhausted. 

In  addition  to  the  gold  deposits  described  above  In  the  Philippines,  there  are 
certain  localities  not  known  to  be  of  any  commercial  value,  but  which  are  of 
interest  because  they  tend  to  throw  light  on  the  distribution  of  the  formations 
whence  the  gold  is  derived,  presumably  older  massive  and  schistose  rocks.  Gold 
Is  found  at  Pamplona,**  In  the  extreme  north  of  Luzon,  latitude  18**  25',  and  is 
probably  derived  from  the  northern  portion  of  the  CJordillera  del  Norte. 
Another  locality  Is  Rallncaguln,'*  In  Zambales  Province,  latitude  16**  7'.  A 
gold  mine  has  been  opened  on  the  Island  of  Pollllo,  near  the  town  of  that  name,*' 
latitude  14*  50'.  This  Island  Is  on  the  east  coast,  and  belongs  to  the  province 
of  La  Infanta.  Lahuy  ^  and  Catanduanes  ^  are  islands  lying  to  the  eastward 
of  Camarlnes  Sur,  and  ar^  both  reported  to  be  auriferous,  as  Is  the  township  of 
Caramuan,  on  the  penlnusula  adjoining  them.  To  the  south  of  Catanduanes  is 
the  island  of  Rapurapu,^  which  contains  both  coal  and  gold.  Slbuyan  Island,^' 
Is  north  of  Panay,  and  gold  has  been  found  there.  At  Lubang,  on  the  Island  of 
that  name,  which  belongs  to  Mlndoro  Province,  Dana  found  gold  quartz  veins 
and  chalcopyrlte.* 

It  has  been  alleged  that  Mlndoro  Itself  Is  auriferous,  but  this  statement,  I 
think,  refers  to  the  province  rather  than  to  the  island ;  at  least  the  only  locality 
I  have  been  able  to  hear  of  In  this  province,  besides  Lubang,  is  at  Mospog,*  on 
the  island  of  Marlnduque,  to  the  northeast  of  the  Island  of  Mlndoro.  The  na- 
tives wash  gold  from  the  sands  of  Masbate.^  There  is  gold  In  northern  Rohol, 
at  Getafe,*  and  on  Dinagat,'  an-  island  just  north  of  the  northern  extremity  of 

«  Gula  Oflclal,  1898.  p.  125. 
» Ibid. 

«  Map  of  Luzon,  d* Almonte,  1883. 
*Gula  Oficlal,  1898,  p.  125. 
«Esplna,  op.  clt,  p.  171. 
f  Centeno,  Mem.  geol6g.-mln.,  1879,  p.  46. 
if  Ibid.,  and  Salnz  de  Raranda,  loc.  clt. 
»  U.  S.  Expl.  Exp.,  Vol.  X,  1849,  p.  539. 
*  Map  of  Luzon,  d*Almonte,  1883. 
/  Compendlo  de  geograffa,  1892,  pp.  23,  72. 
*GuIa  Oflclal,  1898,  p.  125. 

^Compendlo  de  geografia,  1892,  pp.  23,  72;  and  Salnz  de  Raranda,  Cons, 
geogn.,  etc.,  1841. 
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Mindanao,  xn  Negros,  as  I  learned  from  Goyemor  Larena,  alluvial  gold  Is 
found  in  two  rivers.  One  of  them  is  the  Nabulao,  In  the  western  portion  of  the 
island,  and  the  other  is  the  Zamboangufta,  at  the  southern  extremity.  In  Jolo 
also  gold  is  known  to  exist;  at  least,  so  I  was  assured  while  there. 

Copper. 

The  only  copper  deposits  which  are  known  to  be  important  are  in  the  prov- 
ince of  Lepanto,  near  Mount  Data  (latitude  16**  57'),  and  these  are  also  the 
only  ones  concerning  which  any  detailed  information  is  available.  They  have 
been  reported  upon  by  Antonio  Hernandez,®  who  visited  them  in  1850,  and  by 
Jos6  Maria  Santos,^  who  examined  them  in  1861.  They  have  been  worked  by 
that  strange  tribe  of  natives,  the  Igorots,  probably  before  the  Spanish  discovery 
of  the  archipelago,  and  ever  since.  For  a  time  they  were  also  exploited  by  the 
Cantabro-Fillpina  Company  of  Mancayan,  under  the  direction  of  Santos,  whose 
death  would  appear  to  have  crippled  the  enterprise.*^  Preliminary  work  com- 
menced in  1856,**  but  production  did  not  begin  till  1864.  From  that  year  to , 
1874,  1,116  metrical  tons  (at  1,0(X)  kilos)  was  produced,^  but  when  Von  Drasche 
visited  the  place,  in  the  winter  of  1875-76,  no  work  was  going  on.  I  have  not 
heard  that  the  company  has  ever  resumed.  A  difficulty,  and  seemingly  the 
chief  one,  is  the  inaccessible  position  of  the  mines  on  the  divide  between  the 
headwaters  of  the  Agno  and  the  Abra.^  When  narrow-gauge  railways  pass  up 
these  valleys  the  question  of  transportation  will  be  solved. 

The  chief  deposits  are  at  Mancayan,  but  in  the  same  region  there  are  veins 
also  at  Suyuc,  Bumucun,  and  Agbao.  These  latter  carry  ores  differing  some- 
what in  composition  from  those  of  Mancayan,  and,  in  the  opinion  of  Santos, 
could  be  mixed  with  those  of  the  greater  deposit  to  advantage.  Mancayan  lies 
about  5  miles  west  of  Data,  and  the  other  localities  can  most  easily  be  placed 
with  reference  to  it. 

As  Santos  describes  Mancayan,^  the  veins  would  seem  to  be  associated  with 
a  mass  of  quartz-porphyry,  either  caught  up  in  eruption  of  a  neovolcanlc  rock 
or  bounded  by  parallel  fissures  through  which  lava  has  been  extruded.  It  may 
be  somewhat  difficult  to  regard  this  view  as  final,  but  it  seems  more  acceptable 
than  Mr.  Von  Drasche*s  assertion  that  the  veins  lie  in  a  lens  of  quartz  embeddeil 
in  trachyte. 

The  following  notes  are  taken  from  Santos  and  for  the  most  part  are  literally 
translated.  Mancayan  dei>osit  api>ears  in  a  deep  ravine  called  Fabio  or 
Magambang,  on  the  south  side  of  Mount  Aban,  one  of  the  western  spurs  of 
the  great  Data.  At  this  locality  there  is  a  quartzose  mass  in  a  vertical  posi- 
tion, not  more  than  80  or  100  meters  in  thickness,  which  strikes  northwest 
and  is  exposed  at  the  southeast  by  a  great  cut,  partly  due  to  the  mining  opera- 
tions of  the  natives.  Toward  the  northwest  it  is  partially  concealed  and  at  a 
distance  of  400  meters  disappears  under  argillaceous  porphyry,*  which  is  more 
recent.  The  siliceous  matter  is  of  similar  character  throughout  its  extent;  it 
is  sometimes  compact,  sometimes  crystalline,  often  porous,  and  always  charged 
with  Iron  pyrite.  It  contains  decomposed  feldspar  in  irregular  veins  or  por- 
phyritically  disposed.  The  cropplngs  are  of  columnar  form.  The  whole  mass 
is  fissured  or  jointed  in  different  directions,  though  the  principal  ore-bearing 
fissures  strike  WNW.  On  the  strike  of  the  quartzose  mass,  some  14  meters  to 
the  northwest,  there  are,  as  it  were,  small  Islands  of  quartz-porphyry  in  the 
argillaceous  rock,  which  latter  Is  there  of  small  thickness.  From  these  con- 
ditions It  Is  to  be  Inferred,  according  to  Santos,  that  the  quartzose  mass  under 
discussion,  inclosing  the  ore  deposits,  is  a  body  of  quartz-porphyry  completely 
metamorphosed  by  the  advent  of  the  argillaceous  porphyry  and  subsequently 
by  the  process  of  ore  deposition.     Be  the  origin  of  the  compact  quartz  what  it 

«  Revlsta  mlnera,  Madrid,  Vol.  II,  1851,  pp.  112-118. 

^Informe  sobre  las  mlnas  de  cobre.  ...  en  Lepanto,  Manila,  1862. 

^  Centeno,  Memorla  geolOgico-mlnera  de  las  is.  Fil.,  1876,  p.  44. 

^  Santos,  Informe,  p.  20. 

®  The  altitude  does  not  seem  to  have  been  determined.  I  was  told  In  Manila 
that  it  is  about  5,000  feet. 

f  Centeno,  op.  cit.,  p.  45. 

ff  Op.  cit.,  pp.  25  et  passim. 

*I  understand  Santos  to  mean  by  this  term  a  quartzless.  partially  decom- 
posed lava,  which  he,  as  well  as  Von  Drasche,  regarded  as  trachyte. 
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may,  it  is  at  all  events  older  than  the  argillaceous  porphyry.  This,  by  its  own 
intrusive  force  and  by  the  contraction  attending  its  consolidation,  produced 
the  fissures  or  cracks,  not  only  cleaving  the  quartz  but  continuing  into  its 
own  mass;  and  these  openings  were  filed  with  ore  subsequently  to  the  com- 
plete consolidation  of  the  rock.  Mr.  Santos  was  led  to  this  conclusion  from 
inspection  of  a  drift  on  a  vein  which,  after  passing  out  of  the  quartzose  mass, 
followed  the  contact  between  it  and  the  porphyry  and  at  last  struck  into  that 
rock,  the  strike  of  the  vein  making  changes  of  direction  to  correspond  with 
the  course  indicated.  In  the  more  important  workings  it  is  apparent  that  the 
ore  occupies  not  only  the  larger  fissures,  which  strike  WNW.,  but  also  veins 
which  have  a  different  direction,  the  two  systems  forming  a  network  or  reticu- 
lated vein.  At  the  time  of  Mr.  Santos's  visit  three  parallel  veins  were  exposed, 
dipping  at  70**  to  the  NNE.  They  had  a  mean  width  of  1  foot  He  Inferred 
ftom  the  croppings  and  the  old  workings  of  the  Igorots  that  there  must  be  not 
fewer  than  six  veins.  As  ores  Santos  recorded  tetrahedrite,  l)oth  antimonial 
and  arsenical,  chalcopyrite,  chalcosite,  peacock  ore,  the  black  oxide,  and  other 
oxidized  or  carbonated  species,  as  well  as  iron  pyrite.  The  chief  ore  Is  tetra- 
hedrite. The  gangue  he  calls  white  clay.  Comb  or  ribbon  structure  is  com- 
mon and  the  proportion  of  the  various  cupriferous  minerals  is  very  variable. 

Santos  <>  made  an  effort  to  avoid  the  tendency  to  select  rich  specimens  in 
sampling,  and  gives  the  following  as  the  mean  composition  of  the  different  ore 
breasts  of  the  native  workings : 

Mean  composition  of  the  ore  ttreaats  of  the  native  Mancayan  copper  workings. 

Per   cent  Per   cent. 

Copper 16.64     Iron 1.84 

Silica 47.06     Loss .25 

Sulphur 24.44 

Antimony 5. 12 

Arsenic 4.65 

After  a  preliminary  sorting,  which  takes  place  in  the  mines,  about  40  per 
cent  of  the  ore  carries  over  10  per  cent  of  copper,  and  more  than  half  the  ore 
contains  above  6  per  cent  of  metal. 

Mr.  Carl  Zerrener  ^  described  enargite  and  covellite  from  specimens  of  Man- 
cayan ores  in  1869,  and  Mr.  A.  Weislmch,  in  1874,*'  from  similar  specimens, 
established  the  species  luzonite,  which  he  regarded  as  dimorphous  with 
enargite.  Mr.  August  Frenzel  also  has  described  the  luzonite  and  other  ores 
from  Mancayan,  as  well  as  the  matte.*^ 

Mr.  von  Drasche  visited  Mancayan  and  made  the  following  note:^ 

"Mancayan  was  formerly  the  site  of  extensive  copper-mining  operations, 
which  are  now  discontinued.  The  ore  was  known  to  and  worked  by  the  Igorots 
before  the  coming  of  the  Spaniards.  I  am  indebted  to  the  friendly  conununl- 
catlveness  of  two  Spaniards  who  were  working  over  old  dumps  for  some  infor- 
mation about  the  occurrence  of  the  ores,  and  I  also  went  through  some  of  the 
tunnels.  The  copper  ores  occur  in  a  quartz  lens  embedded  in  sanidine-trachyte, 
the  lens  having,  on  the  whole,  an  E.-W.  elongation.  In  this  ore  [apparently 
misprint  for  quartz]  the  ores  occur  in  parallel  veins,  which  likewise  strike 
east  and  west,  so  that  the  tunnels,  which  run  north  and  south,  cut  all  the  veins. 
The  veins  are  said  to  be  locally  as  much  as  7  meters  wide,  and  have  a  steep 
dip.  The  distance  separating  these  very  regular: veins  is  reported  as  generally 
very  small.  The  ores  are  chiefly  luzonite,  enargite,  and  covellite,  the  first  often 
in  fine  crystals.  I  also  observed  barite,  calcspar,  copper  pyrite,  malachite, 
stalactites  of  copper  sulphate,  arsenious  acid,  and  a  saponite  like  mineral  stained 
blue  with  copper  salts." 

Suyoc  lies  3  or  more  miles  by  road  southeast  of  Mancayan.  Here  the  por- 
phyry, instead  of  being  argillaceous,  becomes  feldspnthic  and,  according  to 
Santos,  is  trachyte.  Sometimes  it  is  so  granular  as  to  be  easily  confounded 
with  syenite.     The  copper  ores  contain  peacock,  chalcosite,  and  black  oxide, 

<»  In  forme,  p.  38. 

^  Berg-  und  hUttenmannlsche  Zeltung,  1869,  pp.  105,  113. 

«  Min.  Mitthell.,  suppl.  to  K.-k.  geol.  Reichsanstalt,  1874,  p.  257. 

*  Min.  Mitthell.,  1877,  pp.  203-204. 

«  Fragmente,  1878,  p.  36. 
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but  consist  chiefly  of  mingled  copper  pyrite  and  iron  pyrite.  Tbey  occur  in 
veins  and  r.re  associated  with  a  white,  opaque,  feldspathic  mass  full  of  veinlets 
of  quartz  and  iron  oxides.  The  Igorots  have  worked  these  deposits,  but  not 
extensively. 

Three  miles  eastward  of  this  deposit  lies  Bumucun.  Here  there  is  a  vein  at 
the  bottom  of  a  stream  containing  chalcopyrite,  quartz,  and  fluorspar,  with 
smaller  quantities  of  derivative  copper  orea  The  vein  is  8  or  10  Inches  in 
width,  strikes  E.,  and  dips  N.  almost  vertically.  The  natives  were  able  to  go 
down  only  some  30  feet  on  account  of  water.  This  ore  and  that  of  Suyuc 
would,  in  Santos's  opinion,  be  valuable  at  Mancayan,  because  they  contain 
no  antimony,  little  arsenic,  and  plenty  of  iron. 

Agbao  is  a  mile  and  a  half  south  of  Suyoc.  It  has  three  small  veins  within 
3  feet,  separated  only  by  clay.  They  aggregate  only  6  inches  in  width,  strike 
NB.,  and  dip  SE.  at  45**.    The  ore  is  tetrahedrite. 

The  copper  mining  and  smelting  of  the  Igorots  is  a  very  curious  and  inter- 
esting matter.  This  tribe  is  in  most  respects  semibarbarous.  They  are  heath- 
ens and  live  in  squalor.  Semper  visited  them  and  furnishes  a  really  disgusting 
description.  He  also  points  out,  however,  that  industrially  they  stand  on  an 
astonishingly  high  level,  and  show  most  remarkable  skill  in  the  working  of 
metals  as  well  as  in  their  extraction.  They  have  turned  out  not  merely  imple- 
ments of  small  dimensions,  but  copper  kettles  no  less  than  3^  feet  in  diameter. 
From  1840  to  1855,  according  to  Santos,  as  much  as  20  tons  of  copper  utensils 
and  Ingots  were  exported  annually  by  the  Igorots.  They  made  pots,  tobacco 
pipes,  and  ornaments.  It  was  this  trade  which  drew  the  attention  of  the  Span- 
iards to  the  region.  It  was  the  opinion  of  Santos  that  the  Igorots  have 
Chinese  or  Japanese  blood,  and  it  is  commonly  believed  that  they  are  de- 
scended from  Chinese  invaders  who  brought  the  art  of  smelting  with  them. 
Their  appearance  and  their  customs  are  considered  as  indicating  such  an 
origin. 

Their  mining  and  metallurgy  were  flrst  investigated  by  Hernandez,  later  and 
more  fully  by  Santos.  It  is  almost  humiliating  to  find  how  well  up  in  tech- 
nology these  dirty  savages  are,  but  perhaps  the  great  discoveries  in  copper 
smelting  have  been  common  property  ever  since  the  age  of  bronze. 

The  following  account  Is  almost  literally  translated  from  Santos's  memoir : 

The  ore-bearing  territory  is  divided  among  the  neighboring  villages  in  pro- 
portion to  the  number  of  inhabitants,  and  any  attempt  to  shift  the  claim  limits 
leads  to  bloodshed.  The  property  of  each  village  is  again  divided  among  cer- 
tain families,  in  consequence  of  which  the  district  looks  like  a  honeycomb. 
Winning  in  Is  accomplished  by  flring« — ^that  is,  by  kindling  a  fire  at  suitable 
spots  against  the  breasts,  so  that  the  tension  of  the  aqueous  vapor  developed  in 
the  ore  may  split  off  flakes,  this  operation  being  assisted  by  the  use  of  iron 
tools.  The  first  sorting  takes  place  In  the  mines,  the  rejected  portion  being  left 
on  the  floor  and  so  raising  It  that  at  subsequent  firings  the  flame  of  the  billets 
licks  the  face  and  much  of  the  roof.  The  character  of  the  rock  and  the  imper- 
fect nature  of  the  process  led  to  many  cases  of  caving,  some  of  large  extent. 
The  ores  won  were  classified  Into  rich  stuff  and  quartzose  ore.  The  former 
went  directly  to  the  furnace,  while  the  latter  was  subjected  to  a  long  and 
thorough  roasting,  during  which,  after  a  part  of  the  sulphur,  antimony,  and 
arsenic  had  been  volatilized,  a  sort  of  sweating  of  iron  and  copper  sulphides 
took  place.  These  substances  united  In  globules  of  matte,  which  adhered  to 
the  exterior  of  the  quartz  fragments  and.  In  great  part,  could  then  be  sepa- 
rated from  the  gangue. 

The  furnaces  consisted  of  circular  depressions  In  a  clay  floor,  and  were  15 
centimeters  in  depth,  with  a  diameter  of  30  centimeters.  A  nozzle  of  fire  clay, 
standing  at  an  angle  of  30**  above  the  hole,  united  two  bamboo  pipes  which  were 
fitted  into  the  lower  ends  of  two  cylinders  made  of  pine  logs,  containing  pistons 
packed  with  grass,  which  moved  alternately  up  and  down,  furnishing  blast.^ 
When  the  furnace  was  ready  they  charged  it  with  18  or  20  kilos  of  rich  or 
roasted  ore,  which,  according  to  repeated  assays,  contains  20  per  cent  of  copper, 

"In  1869  I  witnessed  firing  In  the  Rammelsberg  mine  at  Goslar.  It  was 
there  practiced  only  on  Sundays.  It  Is  doubtless  one  of  the  oldest  technical 
processes  known  to  man. 

^  This  Is  a  well-known  Chinese  blast  engine,  such  as  I  have  seen  at  the  tln- 
smeltlng  works  In  Bangka.  It  was  in  use  in  China  long  before  bellows  were 
abandoned  in  European  works. 
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taking  the  remarkable  scientific  precaution  to  place  the  ore  at  the  nozzle  and 
the  fuel  against  the  wall  of  the  furnace,  this  wall  consisting  of  uncemented  stones 
piled  to  a  height  of  half  a  meter.  After  the  fire  was  lighted  and  the  blower  put 
In  operation,  thick  white  and  orange-colored  fumes  were  thrown  off,  these  being 
due  to  the  partial  volatilization  of  the  arsenic,  antimony,  and  sulphur,  until  at 
the  end  of  an  hour  only  sulphur  dioxide  was  given  off,  and  the  temperature  had 
reached  the  highest  possible  point.  The  blast  was  then  stopped  and  the  product 
removed.  This  consisted  of  slag  (or  rather  of  lumps  of  ore  which  on  account  of 
the  quartz  gangue  were  reduced  to  a  porous  mass  through  the  eliquation  of  the 
metallic  sulphides,  and  were  not  scorified  because  of  lack  of  bases  and  of  a 
sufficiently  high  temperature)  and  a  very  impure  matte,  weighing  4  or  5  kilos, 
wlj:h  a  content  of  50  to  60  per  cent  copper.  This  matte,  with  that  produced  at 
other  similar  runs,  was  roasted  in  a  strong  fire  for  twelve  to  fifteen  hours,  with 
the  result  that  a  great  part  of  the  three  volatile  substances  mentioned  above  was 
dissipated. 

In  the  same  furnace  they  set  on  edge  the  cakes  of  roasted  matte,  being  careful 
in  this  operation  also  to  place  the  charcoal  against  the  wall,  and,  after  blowing 
half  an  hour,  obtained,  first,  slag  consisting  of  a  silicate  of  iron  with  Indications 
of  arsenic ;  second,  a  matte  with  70  to  75  per  cent  of  metal,  which  they  took  off 
in  very  thin  crusts  by  means  of  sprinkling  the  exposed  surface  with  water; 
third,  black  copper,  more  or  less  in  quantity  according  to  the  degree  of  desul- 
phurization  of  the  material  smelted,  but  always  impure.  The  mattes  obtained 
in  this  second  operation  were  again  roasted,  with  the  precaution  that  the  wood 
was  interposed  between  the  crusts  to  avoid  fritting  before  the  fire  had  driven  off 
the  objectionable  components. 

To  avoid  loss  through  oxidation  In  casting  copper,  either  black  or  refined, 
they  covered  the  furnace  with  a  helmet-shaped  fire-clay  crucible,  thus  making 
it  easier  to  lade  the  metal  into  molds  of  the  same  clay. 

The  black  copper  obtained  at  the  second  heat,  and  the  matte  from  it  also, 
but  only  after  previous  roasting,  were  submitted  to  a  third  smelting  in  the 
same  furnace,  this  being  reduced  in  size  by  the  stone  wall  and  by  the  addition 
of  the  crucible  mentioned  above.  This  heat  produced  an  Iron-slllcate  slag,  and 
a  black  copper,  which,  after  casting  in  clay  molds,  was  forthwith  disposed  of 
commercially.  This  black  copper  contained  94  per  cent  copper  and  was  ren- 
dered impure  by  yellow  carbide  of  the  metal  and  the  oxide,  formed  superficially 
during  slow  cooling  despite  the  precautions  taken  to  avoid  it  by  whipping  the 
exposed  surface  with  green  boughs. 

If  the  copper  is  to  be  employed  to  manufacture  pots,  pipes,  or  other  house- 
hold utensils  and  ornaments  which  these  natives  make  with  so  much  patience 
and  skill,  they  apply  a  refining  process  differing  from  the  preceding  in  only  one 
feature — the  amount  of  charcoal  is  diminished  and  the  quantity  of  air  increased, 
as  the  end  of  the  heat  is  approached,  for  the  purpose  of  oxidizing  the  carbide 
of  copper. 

Repeated  assays  have  proved  that,  even  when  they  treated  ores  with  a  mean 
conteflt  of  20  per  cent,  they  got  only  8  or  10  of  black  copper  at  the  third  heat. 

Concerning  the  remaining  copper  deposits  In  the  Philippines,  scarcely  any- 
thing Is  known  except  the  localities  In  which  they  are  to  be  found.  In  Mr. 
Abella's  summary  of  mineral  resources,  in  the  Gufa  Oflcial,  he  states  that  there 
is  copper  at  Antamoc  and  at  Casalugan  in  Benguet,  but  gives  no  details.  In 
1823  copper-mining  concessions  were  applied  for  to  work  two  deposits  In  a 
mountain  called  Taloo,  near  Antlmonan,  in  Tayabas  Province.**  It  is,  perhaps, 
a  legitimate  inference  that  these  localities  are  In  the  small  area  of  crystalline 
schists  there  noted  by  Mr.  von  Drasche.  At  the  same  time  application  was 
made  for  claims  3i  miles  south  of  Mambulao,  at  Iba,  and  on  the  Gulf  of  Gulno- 
batan,  5  miles  south-southwest  of  Mambulao.  These  places  are  in  the  province 
of  Camarines  Norte  and  in  the  schist  area.  Jagor  states  that  there  was  a 
shaft  at  the  Iba  locality  said  to  be  84  feet  deep.  Two  copper  localities  are 
marked  on  Mr.  d'Almonte's  map  In  Camarines  Sur,  east  of  the  town  of  Cara- 
muan,  or  Caramoan,  near  the  shore  of  the  channel  which  separates  Catanduanes 
from  Luzon.  Roth  refers  to  the  copper  of  Caramuan  as  an  indication  that  the 
mountains  at  this  point  are  composed  of  crystalline  schist.  Jagor  saw  speci- 
mens of  native  copper  coming  from  a  locality  north  of  Patag  Cove.*  This 
corresponds  to  one  of  the  mines  laid  down  on  Mr.  d' Almonte's  map. 

«Centeno,  Memoria  geol6gico-minera,  1876,  p.  45.    Several  of  these  miscel- 
laneous notes  are  from  the  same  source. 
*  Jagor,  Reisen,  1873,  pp.  145.  347. 
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In  the  island  of  Masbate,  at  Milagros,  near  Assit,  native  copper  was  dis- 
covered In  1847.  Centeno  saw  fine  specimens.  Tliis  mine  was  worked  for  a 
time,  but  the  ore  gave  out  or  was  lost  Masbate  also  contains  gold,  and  the 
occurrence  of  these  metals  suggests  a  crystalline  schist  area  in  this  little- 
Imown  island.  On  the  island  of  Capul,  between  Samar  and  Luzon,  Centeno 
also  notes  copper  pyrites. 

In  Panay  Mr.  Abella  met  with  no  deposit  of  copper,  but  saw  stains  at  Mount 
Carauisan,  latitude  10**  50',  province  of  Antique.  He  thinks  this  corresponds 
to  a  report  by  the  provincial  governor  in  1842  of  the  discovery  of  an  ext^isive 
deposit  a  league  from  the  town  of  Sibalom.  From  the  natives  of  the  region 
he  could  ascertain  nothing  about  this  ore.  At  Barbaza,  in  latitude  11*  12',  in 
the  same  province,  Mr.  Abella  met  a  native  who  owned  a  specimen  of  native 
copper  the  source  of  wliich  he  refused  to  disclose,  though  stating  that  it  was  not 
very  far  away.<» 

In  the  island  of  Marinduque,  at  Torrijos,  the  Gufa  Oflcial  states  that  copper 
occurs,  without  further  Information.  At  Lubang,  on  the  island  of  the  same 
name,  to  the  northwest  of  Mindoro,  Dana  found  copper  pyrite,  prolmbly  only  as 
an  accompaniment  of  the  gold.^ 

Tliat  copper  pyrite  is  met  with  in  the  Surigao  peninsula  of  northern  Min- 
danao among  the  gold  fields  Is  known.  According  to  the  geography  of  the 
Jesuit  Fathers,  there  is  a  workable  deposit  of  good  quality  at  the  hamlet  of 
Taganaan,  3  leagues  from  the  town  of  Surigao.  A  merchant  resident  in  Pala- 
wan informed  me  that  there  is  copper  in  Balabac. 

Argentiferous  Lead. 

Galena  is  found  in  Camarines  Norte  in  the  area  of  the  crystalline  scliists 
accompanying  other  sulphurets  and  gold.  Concessions  have  been  granted  for 
lead  mining  at  a  mountain  called  Tlnga,  near  Paracale,  and  at  a  hamlet  named 
Imbong-Imbong,  in  the  township  of  Mambulao,  but  these  ores  were  worked  only 
for  the  gold.  Centeno  reports  the  Tinga  occurrence  as  very  rich,  but  the  veins 
as  only  from  3  to  10  centimeters  In  wldth.^  Paracale  and  Mambulao  have  a 
reputation  among  mineralogists  as  a  source  of  lead  chromate  and  vauquellnlte. 
Jagor  visited  two  localities,  but  found  the  speclmais  practically  exhausted. 
One  Is  near  Paracale,  In  a  gneiss  hill  ten  minutes'  walk  from  the  village  of 
Malagult  The  other  Is  a  mile  and  a  half  north  by  east  from  Mambulao,  In 
the  plumblferous  mountain  Dlnlanan,  which  Is  composed  of  hornblende-schist. 
Roth  states  that  the  chromate  Is  found  In  quartz  veins  and  Is  accompanied  by 
vauquellnlte,  like  the  occurrence  In  the  Ural  Mountains.*  Caramuan,  In  Cama- 
rines Sur,  is  credited  with  lead  ore  in  the  Gula  Oflcial.  It  is  probably  asso- 
ciated with  the  copper  deposits  In  that  district 

In  the  Island  of  Marinduque,  province  of  Mindoro,  at  Torrijos,  there  Is  a 
lead  deposit  regarded  by  Mr.  Esplna  as  Important*  The  assays  are  said  to 
give,  for  average  ore,  56.55  per  cent  lead,  0.0096  per  cent  silver,  and  0.0006 
per  cent  gold.    No  further  information  is  available.  • 

Cebu  contains  lead  ores  upon  which  Mr.  Abella  has*reported  thus :  f 

"  The  most  important  metalliferous  deposits,  and  indeed  the  only  ones  which 
deserve  the  name,  yet  discovered  in  the  island  are  those  of  gold  and  silver  bear- 
ing galena.  They  lie  toward  the  center  of  the  Island,  at  Panoypoy,  township 
of  Consolaclon,  and  at  Acsublng  and  Budlaan,  In  the  township  of  Talamban, 
the  first  two  being  those  which  gave  rise  to  the  claims  of  the  company  known 
as  *  La  Cebuana.*  The  deposits  all  consist  of  bunches,  veins,  and  stringers  of 
pyrltous  galena,  which  form  an  Irregular  network  in  the  rock  complex  of  the 
eastern  area  of  the  interior  of  the  island.  They  lack  system  or  regular  direc- 
tion, and  form  therefore  a  true  Stockwerk." 

Centeno  found  the  ore  extremely  rich  in  sliver  and  gold,  but  mining  seems 
to  have  been  abandoned. 

In  Mindanao  Mr.  Esplna  saw  sjfeclmens  of  lead  ores,  but  w^as  unable  to 
ascertain  whence  they  came. 

« Isla  de  Panay,  p.  197. 
^  U.  S.  ExpL  Exp.,  Vol.  X,  1849,  p.  539. 

c  Memora  geol6gico-minera,  1876,  ;p.  53 ;  (iufa  Oflcial,  1898,  p.  127. 
<«  Jagor,  Reisen,  1873,  pp.  144-14^,  345. 
^  Espina,  Bosquejo,  1898,  p.  165. 
f  Isla  de  Cebu,  1886,  p.  146.        / 

f 
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Iron. 

Something  like  a  belt  of  magnetite  deposits  exists  among  the  mountains 
lying  to  the  east  of  the  great  plain  of  Luzpn.  The  northern  portion  of  this  belt 
Is  12  or  15  miles  to  the  eastward  of  San  Miguel  de  Mayumo,  on  the  headwaters 
of  the  stream  which  passes  through  that  place.  In  this  neighborhood  the 
positions  of  four  mines  are  Indicated  on  Mr.  d' Almonte's  map.  A  few  miles 
east  of  south  from  this  group  lies  a  second,  about  10  miles  northeast  of  Angat 
Here  also  four  mines  are  shown,  and  this  district  has  the  reputation  of  pos- 
-sesslng  the  most  valuable  Iron  ores  in  the  archipelago.  At  a  similar  distance 
to  the  northeast  of  Bosoboso  another  Iron  mine  has  been  worked.  Ten  miles 
north  of  east  from  Morong  there  is  still  another  Iron  mine,  In  the  province  of 
Laguna  de  Bal.  All  of  these  deposits  are  In  the  foothills  of  the  range  which 
forms  the  western  boundary  of  the  province  of  La  Infanta  and  at  nearly  equal 
distances  from  the  crest.  The  belt  Is  44  miles  in  length,  and  evidently  stands 
in  genetic  relations  to  the  range.  According  to  assays  made  In  the  laboratories 
of  the  Inspecci6n  General  de  Mlnas,  the  Angat  ores  carry  from  GO  to  70  per 
cent  of  Iron.  The  Impurities  do  not  seem  to  have  been  determined.  I  find  In 
so  serious  a  paper  as  Centeno's  Memorla  the  statement  that  these  ores  contain 
75  to  80  per  cent  of  iron;  but  magnetite,  though  the  richest  of  Iron  ores,  can 
not  contain  more  than  72  per  cent  of  Iron,  as  should  be  well  known.  Of  the 
nature  of  the  deposits  I  have  been  able  to  obtain  no  descriptions,  except  that 
the  ore  Is  abundant. 

In  Camarines  Norte  there  Is  a  mine  of  magnetic  Iron  some  6  miles  south  of 
Paracale  on  the  Malagult  River.  The  Gula  Oficlal  also  mentions  a  deposit  In 
the  township  of  Mambulao  at  Calambayungan. 

The  Filipinos  work  the  ores  of  Angat  and  of  San  Miguel  de  Mayumo.  Unfor- 
timately  I  did  not  succeed  In  seeing  the  process  or  in  getting  any  satisfactory 
description  of  It.  There  Is  no  doubt,  however,  that  It  is  a  bloomery  process. 
The  steel  produced  is  chiefly  made  Into  plowshares,  which  are  so  good  that 
they  bring  a  much  higher  price  than  those  of  European  manufacture.  The 
process  is  probably  nearly  Identical  with  that  still  in  use  in  Borneo ;  but,  if  not, 
It  would  be  most  interesting  to  know,  what  are  the  diCFerences.  I  therefore 
make  no  apology  for  introducing  here  Mr.  Posewitz's  description,  In  which  he 
follows  C.  H.  L.  M.  Schwaner,  who  witnessed  It :  <» 

"  The  <!yilndrical  blast  furnace  has  a  height  of  3  feet  4  Inches  and  a  circum- 
ference of  10  feet  The  shaft  has  the  form  of  a  paralleloplped  (8  by  6  inches) 
and  becomes  wider  toward  the  top,  having  a  pyramidal  form.  The  smelting 
hearth  is  25  Inches  long,  19  inches  wide,  and  9  Inches  high. 

**  The  material  of  which  the  furnace  is  constructed  is  a  yellow  clay,  which  is 
obtained  from  the  banks  of  the  rivers. 

"  This  material,  having  been  kneaded  and  purified,  is  pressed  In  a  cylindrical 
bark  ^  mold  having  the  dimensions  of  the  furnace.  It  is  allowed  to  dry  for  a 
month  or  more.  The  mold  is  then  removed  and  the  furnace  bound  around  with 
Spanish  cane  (rattan),  in  order  to  give  It  greater  strength  and  to  provide 
against  bursting.    The  dry-air  process  Is  completed  by  a  small  fire. 

"The  smelting  only  lasts  one  day.  The  floor  of  the  hearth  is  first  cov- 
ered with  powdered  charcoal  to  a  depth  of  2  Inches,  in  the  middle  of  which  a 
hole  is  made,  which  serves  to  collect  the  Iron.  The  tapping  hole  is  closed  by 
clay.  A  semicircular  hole  Is  left  to  let  out  the  slag.  The  blast  apparatus  con- 
sists of  a  hollow  tree  stem,  5  feet  5  Inches  long  and  3  inches  In  circumference 
[diameter?],  open  at  the  top  and  closed  at  the  bottom.  Directly  above  the  floor 
there  are  3  openings  on  the  same  level  and  close  to  one  another.  These 
openings  are  Intended  for  the  insertion  of  3  bamboo  tubes,  29  Inches  In  length, 
through  which  the  blast  has  access  to  the  tuyers  and  to  the  furnace.  The 
tuyers  are  made  of  baked  clay.  They  are  11  inches  In  length,  and  narrow  con- 
siderably In  the  part  opening  Into  the  furnace.  In  the  bellows  there  is  a  valve, 
which  Is  made  air-tight  by  feather  down.    It  Is  worked  by  hand. 

"  Burning  charcoal  is  thrown  from  above  into  the  furnace,  and  a  gentle  blast 
produced  sufficient  to  cause  the  charcoal  layer  to  glow.  The  furnace  is  then 
filled  to  two-thirds  of  its  height  with  wood  charcoal.    The  ores  are  first  sub- 

^Posewltz,  Borneo,  1892,  p.  433.  In  A.  Marche,  Lucon  et  Palaouan,  Paris, 
1887,  p.  85,  I  find  brief  notes  on  the  process  at  Angat,  which  seem  to  indicate 
that  the  process  there  employed  Is  substantially  the  same  as  In  Borneo. 

6  The  English  translation  has  cork,  by  error,  for  bark. 
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mitted  to  a  roasting  action  by  piling  them  up  in  layers  between  wood,  igniting 
tbe  pile,  and  allowing  it  to  bum  one  day.  The  ore  is  then  broken  into  pieces  of 
the  size  of  a  nut,  mixed  with  charcoal  in  the  proportion  of  1  to  10,  and  thrown 
into  the  furnace.  Usually  two  hours  and  a  half  suffice  to  sink  the  ore,  after 
which  more  ore  and  coal  are  added. 

"  The  slag  is  run  off  at  intervals  of  twenty  minutes,  the  tuyers  being  removed 
and  the  blast  stopped  for  five  minutes  while  the  slag  is  running  off.  A  draw- 
back to  this  method  is  that  a  large  part  of  the  iron  goes  into  the  slag. 

"  As  soon  as  all  the  fuel  is  burned  the  tuyers  are  takeu  out  and  the  stopping 
of  the  hole  in  the  hearth  removed.  The  iron,  which  is  in  the  form  of  a  viscid,* 
molten  mass,  is  then  drawn  out  of  the  furnace  by  means  of  wooden  tongs,  placed 
on  a  finely  broken  slag,  and  beaten  with  wooden  hammers  until  it  becomes 
smooth. 

"  Such  a  mass,  weighing  45  pounds,  represents  a  day's  work  for  four  men, 
and  costs  2  florins.  It  contains  much  slag,  however,  and,  having  been  divided 
into  ten  parts,  has  to  be  several  times  remelted  and  beaten  with  hammers  untU 
It  is  pure  enough  for  smithy  work. 

"  While  Iron  smelting  has  almost  entirely  ceased,  this  is  not  the  case  with  the 
smithy  work.  Weapon  smiths  still  exist  who  manufacture  excellent  blades. 
Especially  worthy  of  mention  are  the  works  of  the  great  Industrial  place, 
Negara,  In  south  Borneo,  of  which  the  *  Negara  blades '  have  a  widespread  repu- 
tation. 

"  The  natives  prefer  their  own  iron  to  the  European,  as  experience  teaches 
that  the  keenness  and  durability  of  these  weapons  are  superior  to  those  of 
European  manufacture." 

Xiscellaneous. 

Petroleum  has  been  discovered  within  a  few  years  in  the  islands  of  Panay, 
Cebu,  and  Leyte,  but  is  not  as  yet  known  elsewhere.  In  Panay  it  is  found  at 
Janiuay  in  the  province  of  Iloilo  and  is  accompanied  by  natural  gas.  I  have 
not  heard  that  it  is  exploited.  In  Cebti  oil  Is  found  on  the  west  coast,  at 
Asturias,  Toledo,  and  Alegria.  The  welj  at  Toledo  (10**  17')  has  been  exploited' 
to  some  extent,**  and  there  is  a  concession  for  oil  and  one  for  coal  at  the  same 
locality  In  this  township.  An  oil  concession  has  also  been  granted  at  Alegria. 
In  Leyte  oil  occurs  in  the  township  of  San  Isidro,  and  has  been  taken^up.  This 
is  probably  the  locality  marked  as  a  petroleum  mine  on  Mr.  d*Almonte*s  map 
on  the  west  coast,  in  latitude  11*  15',  though  this  is  closer  to  Villaba  than  to 
San  Isidro  del  Campo.  Mr.  Espina  states  that  petroleum  from  near  Villaba  Is 
highly  charged  with  paraffin. 

Sulphur  has  been  extracted  under  concession  only  at  Biliran,  but  the  vol- 
canoes and  solfataras  of  the  islands  offer  endless  opportunities  for  *'  clandestine 
exploitation "  all  the  way  from  Mount  Apo,  in  Mindanao,  to  the  volcano  of 
Cagua,^  near  the  northern  extremity  of  Luzon.  Jargor*^  gives  a  pleasant  ac- 
count of  sulphur  extraction  a  little  south  of  Burauen,  in  Leyte. 

Quicksilver, — There  have  been  various  reports  of  the  discovery  of  quick- 
silver in  the  Philippines — e.  g.,  in  Panay,  Mindanao,  and  in  the  province  of 
Albay.    All  seem  to  be  founded  on  accidental  losses  of  exotic  metal. 

Marble, — Excellent  marble  is  found  on  the  island  of  Rombl6n,  to  the  north  of 
Panay.  It  Is  used  in  Manila  for  fonts  and  the  like.  In  Cebti  also  there  is  a 
concession  for  marble  at  Tuburan  (10°  43').  Marbles  for  building  are  quarried 
at  Montalban  and  at  Binangonan  (the  mummulite  locality)  in  Manila  Province. 

Kaolin  is  found  at  Los  Banos,  Lagima  Province,  and  fictile  clays  at  number- 
less points. 

Stihnite  from  Bataan  Province  was  seen  by  Centeno,**  but  there  Is  no  evidence 
that  any  valuable  deposit  occurs.  So,  too,  zinc  blende  Is  known  to  exist,  but 
only  as  a  valueless  sulphuret  in  gold-quartz  veins. 

«  Gufa  Oficial,  1898,  p.  128.  ^^  Relsen,  1878,  p.  221. 

6  Ibid.,  p.  127.  ^  Mem.  geol-min.,  1876,  p.  53. 
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[From  Report  of  the  Schurman  Philippine  Commission.  1900.  vol.  2.1 
(Page  28.) 

Q.  Well,  talk  rfway  freely. — ^A.  For  instance,  we  have  coal  mines.  We  have 
plenty  of  coal  in  these  islands  suitable  to  the  wants  of  this  place. 

Q.  Goiuine  coal  or  lignite? — ^A.  It  is  lignite  coal,  like  Japan  coal,  although  it 
Is  rather  better  in  quality  than  the  Japan  coal.  In  fact,  I  have  an  engineer's  re- 
port which  you  may  be  interested  in  perusing. 

Q.  On  what  island  is  that?— A.  Cebu. 

By  Professor  Worcester: 

Q.  Do  you  know  anything  about  the  coal  in  Mindoro? — ^A.  The  coal  in  Mindoro 
is  very  much  the  same  as  the  Japan  coal.  I  have  had  it  analyzed  in  Hongkong, 
both  coals,  what  we  got  from  the  surface  of  the  mines  which  have  been  worked 
here.  I  suppose  as  you  go  farther  down  you  get  the  better  coal.  The  coal  I 
had  analyssed  in  Hongkong  by  the  government  analyst  was  2  per  cent  better 
than  the  Yubani  coal ;  that  is,  the  analyst  in  Hongkong  made  it  out  to  be  2  per 
cent  better  than  the  Japan  coal.  I  have  a  concession.  Here  is  an  article  you 
might  peruse — these  two  sheets  of  this  article — and  ask  me  any  question  you 
like  about  anything  that  occurs  to  you. 

Q.  I  wanted  to  ask  you  a  little  more  about  the  coal,  Mr.  MacLeod.  Do  you 
know  anything  about  the  deposit  in  Masbate? — ^A.  It  is  a  small  thing,  compara- 
tively, but  it  has  been  found,  and  we  have  a  line  of  steamers  here,  and  we  have 
burned  the  coal  in  our  own  steamers  and  found  it  better  than  the  Japan  coal. 

Q.  How  far  are  these  Masbate  deposits  from  Palanog? — ^A.  They  are  on  one 
side  of  the  island.  There  is  a  fort  there,  and  there  is  another  fort  called  the 
Catangan. 

Q.  Is  that  on  the  same  side  of  the  Island  or  on  the  other  side? — ^A.  It  is  on 
the  northwest  of  the  Island  as  far  as  I  can  remember.  Have  you  a  chart  of  the 
islands? 

Q.  Yes. — The  engineer's  report  says,  as  far  as  he  can  see 

Q.  I  make  that  inquiry  because  I  knew  a  British  syndicate  was  operating 
the  coal  fields  on  these  islands,  and  there  was  a  statement  that  there  was 
160,000  tons  in  sight  in  one  concession  in  Masbate. — ^A.  The  report  I  have, 
which  was  made  seven  or  eight  years  ago,  does  not  bear  that  out.  I  think  it  is 
a  smaUer  quantity  than  that.  Those  figures  were  too  large.  I  have  got  a 
concession  for  ninety-nine  years  of  these  lands,  and  I  have  been  waiting  to  get 
a  decent  government  here  to  go  to  work,  and  I  propose  to  bring  a  railway  down 
here  to  the  coast,  then  to  Cebu.    Port  Cebu,  you  know,  is  a  very  good  port. 

Q.  You  mean  you  would  run  a  railroad  to  Cebu? — A.  I  would  run  a  railroad 
from  the  mine  to  the  coast  and  from  there  to  Cebu  for  other  traffic  and  other 
purposes ;  that  is  about  16  miles  of  railroad  I  think, 

Q.  What  is  the  name  of  the  place  where  the  mine  is? — ^A.  Yuking;  it  is  in 
Cebu. 

Q.  Will  you  state  the  area  where  coal  is  principally  found  throughout  the 
archipelago? — ^A.  Well,  the  principal  island  is  Cebu.  So  far  as  we  have  seen 
there  is  coal  in  the  south  of  Luzon,  in  the  straits,  Santa  Granada ;  there  is  coal 
in  the  southeast,  in  Mindoro,  and  this  Masbate  mine ;  there  are  several  smaller 
places,  but  the  country  lias  not  been  explored  thoroughly.  We  do  not  know  for 
certain,  but  I  think  there  is  coal  all  over  the  place. 

Q.  Is  there  any  ground  for  thinking  there  might  be  genuine  coal  here  as  well 
as  lignite? — ^A.  There  is  good  enough  coal  for  steaming  purposes.  I  believe 
those  coals  gone  into  would  be  as  good  as  the  coal  of  New  South  Wales.  At 
pres^it  we  buy  that  within  10  per  cent  of  the  same  price. 

Q.  What  does  coal  sell  for  per  ton?— A.  $15  to  $16  per  ton  Mexican. 

Q.  Native  coal? — ^A.  Yes;  if  we  had  this  coal  it  would  sell  just  as  well  as 
Japan  coal. 

29 
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Q.  Ek)  you  mean  to  say  that  the  coal  mines  in  the  archipelago  have  never 
been  worked? — A.  No;  not  under  any  scientific  plan;  just  a  little  lot  taken  out 

Q.  Enough  to  satisfy  the  locality  in  which  the  mines  are,  or  for  export? — A.  I 
don't  think  the  whole  thing  would  amount  to  25,000  tons  taken  out  in  the  last 
twenty-five  or  thirty  years.  These  Cebu  mines  were  Ijeing  worked  by  the  natives 
during  1860  to  1864,  and  they  took  out  3  or  4  or  5  thousand  tons.  At  that  time 
there  were  no  steamers  in  the  archipelago,  and  there  was  no  demand  for  It; 
there  was  no  railroad,  and  there  was  great  difficulty  in  getting  coal  from  the 
mine  to  the  beach,  and  it  was  so  expensive  and  the  lack  of  demand  together 
there  was  no  occasion  to  mine  it. 

Q.  Where  are  the  mines  located  from  the  city  of  Cebu? — ^A.  Sixteen  miles 
by  railway  from  the  mines  to  the  beach  and  about  6  miles  direct. 

Q.  Would  the  harbor  of  Cebu  be  the  best  place? — A.  It  woyld  be  the  natural 
place. 

Q.  You  have  concessions  you  say.  From  whom? — ^A.  From  the  Spanish  Grov- 
emment. 

Q.  Are  there  other  mines  In  the  island  of  Cebu? — ^A.  Yes;  I  am  on  the  south 
end  of  the  range  of  mountains  and  there  are  mines  in  the  north  which  I  have 
the  refusal  of.    I  can  merge  them  into  my  company  if  I  like. 

Q.  Concessions  have  been  granted? — A.  Yes. 

Q.  Have  concessions  been  granted  of  all  the  mines  in  the  Island  of  Cebu? — ^A. 
Yes. 

Q.  What  Is  the  nature  of  those  concessions,  what  Is  the  quid  pro  quo? — ^A. 
The  concession  I  have  got  is  a  very  favorable  one.  I  am  under  an  obligation 
to  take  out  100  tons  a  day  only ;  of  this  100  tons  I  am  obliged  to  give  the  gov- 
ernment the  half  of  it  at  a  reduction  on  the  market  price,  which  reduction  has 
been  fixed  at  51  cents  a  ton  Mexican. 

Q.  That  is,  the  government  gets  half  of  the  output  each  day  at  51  cents  less 
than  the  market  rate? — ^A.  Yes, 

Q.  That  is,  if  yoa  put  out  1,000  tons A.  The  government  would  have 

the  right  to  take  over  half  of  this  1,000  tons  (500  tons)  at  that  reduction. 

Q.  Is  that  51  cents  fixed  In  the  concession? — A.  It  is.  This  concession  was 
put  up  at  auction,  and  the  man  who  bid  the  most  as  the  government  portion 
got  the  contract. 

Q.  What  Is  the  period  of  that  concession? — ^A.  Ninety-nine  years  Is  fixed;  and 
then  these  concessions  are  generally  carried  on  Indefinitely.  There  has  not  been 
a  case  otherwise — In  fact,  It  Is  a  new  thing  altogether. 

Q.  What  it  means  Is  that  the  government  gets  a  small  royalty  on  half  of  the 
coal  produced? — A.  Exactly;  and  the  coal  mines,  the  government  Is  entitled 
to  have  Its  engineers  go  in  and  Inspect  the  mines  from  time  to  time. 

Q.  What  do  they  inspect  them  for?— A.  That  is  a  part  of  the  contract,  to  see 
that  everything  is  going  on  properly  within  the  latter. 

Q.  How  long  has  that  concession  been  In  operation? — ^A.  It  has  not  com- 
menced yet.  It  was  granted  a  little  less  than  a  year  ago;  about  May  of  last 
year. 

Q.  After  the  1st  of  May? — ^A.  Well,  I  got  It  In  January  really;  that  was  the 
option,  but  I  only  got  the  concession  definitely  granted  to  me  on  the  18th  of 
May ;  It  was  notified  to  me  In  May.  There  has  been  no  possibility  of  operating 
since,  because  there  was  a  clause  In  the  contract  which  operates  only  when 
things  are  settled. 

Q.  What  was  the  date  of  that  option?— A.  The  18th  of  January,  I  think. 

Q.  1898? — ^A.  Yes;  I  have  got  the  whole  thing  in  printed  form,  which  I  may 
give  you  by  and  by. 

Q.  What  is  needed  for  the  development  of  these  mines,  Mr.  MacLeod? — ^A. 
The  only  thing  that  is  wanted  is  a  railway  there — skill,  capital,  and  a  railway. 

Q.  Your  company  proposes  to  build  a  railroad  from  there  to  Cebu? — ^A.  Yes; 
that  Is  part  of  the  contract 

Q.  When,  by  the  terms  of  the  contract,  has  the  railway  to  be  completed? — A. 
Of  course,  from  the  time  I  commence  I  have  got  three  years. 

Q.  That  is,  by  the  concession ?— -A-  That  Is,  by  the  concession;  but  of  course 
I  should  propose  to  do  it  in  a  much  shorter  time ;  they  gave  us  plenty  of  time ; 
I  should  not  take  more  than  twelve  months. 

Q.  What  gauge  railroad  Is  called  for? — ^A.  Oh,  that  Is  a  matter  of  arrange- 
ment 

Q.  No  specifications? — ^A.  No;  I  have  got  to  make  a  proposal  that  I  should 
make  a  railway  suitable,  of  say  3  feet  6  inch  gauge  or  thereabouts — the  same 
gauge  as  this  Manila  and  Dagupan  Railway. 


MINEKAIv  RESOURCES,   MINES,   AND   MINING.  31 

Q.  Is  there  any  provision  found  In  the  concession  as  to  the  method  of  deter- 
mining the  gauge  or  nature  of  that  road? — ^A.  Yes;  I  make  a  proposition  to 
them  and  they  accept  or  modify  it.  J  take  it  tliat  the  American  Government 
have  stepped  into  the  shoes  of  the  Spanish,  and  that  I  am  dealing  now  with 
the  American  Government  just  as  I  was  dealing  with  the  Spaniards  in  this 
case.    Isn*t  that  so? 

By  President  Schurman: 

Q.  I  suppose  the  nature  of  this  concession  is  a  thing  that  will  have  to  be 
Inquired  Into  by  our  Government. — ^A.  The  concessions  are  simply  the  ordinary 
concessions  that  one  government  succeeding  another  government  would  have  to 
take  over  on  the  same  terms. 

Q.  If  we  choose  to  recognize  the  telegraphic  concessions  which  have  been 
made  in  this  island,  we  could  send  all  our  government  messages  for  a  third  of 
what  it  is  costing  us,  but  we  are  paying  full  rates  at  present.  That  is  a  ques- 
tion left  open  for  future  consideration. — ^A.  In  regard  to  acquired  rights  of 
property  of  all  kinds,  I  take  it  that  by  your  treaty  in  Paris  you  respect  them 
as  they  were.    Isn't  that  so? 

Q.  That  is  a  question — the  determination  of  rights,  I  take  it.  Those  duly 
ascertained  and  determined  would,  of  course,  be  respected. — A.  Rights  that 
would  be  recognized  by  the  Spanish  Government  would  be  recognized  by  you? 

Q.  As  I  say,  I  think  this  question  of  the  determination  of  those  rights  Is  not 
a  question  that  concerns  us  here.  Do  yo\i  say  that  there  are  other  Islands 
besides  Cebu  In  which  coal  is  found? — ^A.  Yes;  the  island  of  Mindoro  In  the 
south,  and  In  Luzon,  in  fact    There  is  really  coal  all  over  the  place. 

{Page  15.) 

Q.  Are  there  mineral  deposits — copper,  or  gold,  iron,  coal,  and  silver? — ^A.  In 
Ahra  there  a  great  deal,  and  in  Bontoc  and  in  that  district 
Q.  More  particularly A.  A.  Copper,  iron,  and  gold. 

By  Professor  Worcesteb  : 

Q.  Is  gold  found  in  the  sand  or  in  the  rocks? — ^A.  In  the  forests  and  In  the 
mountains,  in  the  rocks. 

Q.  Are  there  wild  people  in  the  mountains?— A.  No. 

Q.  What  name  do  the  people  go  by  in  the  mountains  there? — ^A.  Igorots; 
and  there  are  also  Catholics. 

Q,  The  Igorots  and  the  Catholics  are  friendly,  then,  are  they? — ^A.  Yes;  the 
Igorots  come  down  from  the  mountains  and  do  business  selling  copper,  gold, 
and  iron,  and  do  business  generally. 

*  *  *  t.  *  «     .  « 

Q.  Do  the  Igorots  bring  down  a  great  deal  of  gold'' — ^A.  The  Ilocanos  bring 
some. 

Q.  Is  it  fine  gold  or  Is  It  in  large  pieces? — ^A.  Sometimes  a  great  deal  of 
gold.  They  used  to  bring  more  than  they  do  now,  because  a  good  many  Span- 
lards  have  come  in,  and  Germans,  and  French,  and  others.  In  Benguet,  in  the 
province  of  Union,  there  are  gold  mines  which  have  never  been  exploited,  never 
been  worked ;  but  they  are  beginning  to  work  them  now. 

Q.  Is  the  gold  that  the  Igorots  bring  down  in  powder  or  in  fair  size  pieces? — 
A.  There  is  dust  and  also  nuggets. 

{Page  92.) 

There  is  any  amount  of  coal  and  Iron  in  Mindoro;  and  gold,  too,  by  all  re- 
ports. I  have  seen  coal  from  Mindoro;  It  is  very  good,  too.  Since  I  saw  you 
last  I  was  up  In  the  gold  districts  of  Paracale. 

Q.  Can  you  give  us  any  information  about  that? — ^A.  There  is  plenty  of  tim- 
ber up  there,  up  that  way,  too,  and  you  take  pretty  near  the  whole  of  the  Cala- 
mlanes,  north  Calamlanes,  and  you  have  got  any  amount  of  mines  of  quartz; 
alluvial  quartz  mines  are  about  the  principal  mines  there  are  up  there. 

{Page  22S.) 

Q.  Can  you  tell  us  anything  about  the  mines?— A.  In  Ilooos  there  are  copper 
mines.    There  are  gold  mines  in  Camarines ;  also  In  Cagayan. 
Q.  How  about  coal  mines? — A.  There  are  coal  mines  in  Cebu. 
Q.  What  about  copper  mines? — ^A.  There  are  copper  mines  in  Ilocos. 
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Q.  Any  tin  mines? — ^A.  Tin  in  Bulacan.    There  are  some  iron  mines  at  Angat 

Q.  Any  more  mines?  Tell  us  all  about  them. — A.  In  Nueva  Ecija  there  are 
gold  mines,  too.    There  are  other  mines  which  have  not  been  prospected. 

Q.  Well,  these  mines  that  you  mention ;  have  they  been  worlced? — A.  Only  the 
copper  mines  have  been  worked ;  but  they  do  the  mining  work  there  as  long  as 
there  are  any  men  to  do  it. 

Q.  Do  the  Chinese  work  in  any  of  these  mines? — A.  Formerly  when  the 
Spaniards  hired  the  Chinese  they  worked  In  the  mines.  The  copper  mines  at 
Ilocos  were  worked  by  Don  Tomas  Castro.  The  coal  mine  at  Cebu  is  worked 
by  Don  Rafael  Reyes. 

Q.  Do  these  people  employ  Chinese? — ^A.  Yes;  they  employ  Chinese.  They 
have  no  machinery ;  they  simply  work  with  their  bauds  and  pickaxes. 

Q.  Do  you  think  that  we  could  get  Chinese  to  come  over  and  go  into  the 
mining  business? — A.  With  the  employment  of  machinery  you  are  l>ound  to  be 
successful,  and  if  you  would  employ  Chinese  they  are  bound  to  come,  too. 

Q.  Can't  the  Filipinos  work  In  these  mines? — A.  The  few  Filipinos  that  work, 
and  get  a  certain  amount  of  money  to-day,  won't  work  to-morrow;  they  will 
stop  work  when  they  have  got  a  little  money. 

{Page  272,) 

Q.  You  say  there  are  mines  in  Bulacan.  What  kind  of  mines? — A.  Iron  for 
casting  pans,  at  the  town  of  Angat. 

Q.  What  else? — A.  Also,  I>e8ide8  pans,  they  make  it  into  plow  heads. 

Q.  Is  that  mine  worked  at  present? — ^A.  At  present  it  is  not  worked,  because 
of  the  war. 

Q.  Was  it  worked  before  the  war? — A.  Yes;  the  Chinese  worked  it. 

Q.  What  per  cent  of  iron  was  there  in  the  ore? — A.  I  have  never  been  to  It 
and  doii't  know,  but  I  think  about  80  per  cent.  I  have  never  been  to  it,  but  I 
have  heard  there  is  a  whole  hill — a  whole  lot  of  It — in  Angat.  There  is  no 
other  produce  except  this  and  small  poles  for  huts,  for  building ;  that  is  all  that 
Angat  produces. 

Q.  You  say  there  are  gold  mmes  in  Nueva  Ecija.  is  the  gold  in  the  sands 
of  the  river  or  in  quartz  rock? — A.  In  the  town  of  Gapan,  In  the  province  of 
Nueva  Ecija,  it  Is  taken  from  the  hills  and  from  the  mountains.  They  have 
got  to  dig  down  into  the  earth  for  it  and  then  wash  it. 

Q.  Whereabouts  in  Nueva  Ecija  are  these  mines? — ^A.  In  the  village  of 
Gapan. 

Q.  Are  those  mines  worked  at  present? — ^A.  No;  not  worked.  Nobody  is  in 
charge,  and  practically  anybody  owns  the  mines  who  pleases;  they  simply  be- 
long to  the  people  of  the  village,  and  when  they  have  time  they  go  and  dig 
the  gold  and  wash  it. 

Q.  Is  the  earth  rich  in  gold  there? — ^A.  It  is  according  to  the  luck  of  the 
people;  some  of  them  get  some  and  some  of  them  get  less,  and  they  simply  go 
and  dig  it  with  their  hands,  using  hoes  and  such  like,  and  they  can't  expect  to 
work  much. 

Q.  How  do  they  work  it? — ^A.  I  have  never  been  up  there  to  see  the  whole 
thing — the  mines;  it  was  brought  to  me  by  natives,  brought  from  that  place, 
whenever  they  could  wash  it  with  a  certain  kind  of  sieve. 

(Page  27 J^.) 

Q.  You  say  there  Is  a  copper  mine  there.  What  can  you  tell  me  about 
that?— A.  It  belonged  formerly  to  Tomas  Castro. 

Q.  Has  that  mine  been  worked? — A.  Yes;  that  has  been  worked  by  Castro, 
and  the  produce  from  the  mine  has  been  brought  to  Manila  and  sold  and  ex- 
ported to  Hongkong. 

Q.  Is  the  ore  rich?— A.  They  worked  it  and  cast  It  into  blocks. 

Q.  Is  It  good  ore — ^A.  I  can  not  say  anything  about  the  quality  of  the  copper, 
as  I  have  never  been  there. 

♦  ♦♦♦♦♦♦ 

Q.  You  haven't  put  any  mines  down  in  the  Island  of  Mindoro;  don't  you 
know  if  there  are  any  mines  down  there? — A.  I  know  of  no  mines  in  the  island 
of  Mindoro,  simply  that  it  produces  some  hemp.  The  Chinese  haven't  gone  to 
the  other  side  of  Mindoro.  Four  of  them  went  there  and  all  of  them  died,  sav- 
ing two. 
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Q.  What  did  they  die  of?— A.  Yellow  fever. 

Q.  Now,  you  say  that  there  is  a  gold  mine  in  Mambulao? — A.  In  Camarlnes. 

Q.  Will  you  tell  me  about  that,  what  kind  of  mine  it  is  and  how  they  worlc 
it?— A.  It  is  a  gold  mine.  Herman  &  CJo.  got  up  a  gold-mine  company  to  work 
the  mine  and  sent  some  machinery  up  there,  but  at  last  they  had  to  give  it  up. 
The  company  sustained  a  loss  from  it. 

Q.  What  was  the  trouble? — A.  Ever  since  that  time  I  haven*t  heard  anything 
about  it. 

Q.  What  was  the  trouble;  couldn't  they  get  laborers? — A.  They  couldn't  get 
laborers,  the  people  didn't  like  the  machinery  and  all  that  sort  of  thing. 

Q.  Is  that  gold  in  the  earth  or  gold  in  stones? — ^A.  Both  kinds.  They  used 
machinery  to  go  and  bore  It  out. 

Q.  Is  there  anybody  working  that  mine  now? — A.  I  haven't  heard  anything 
about  it. 

Q.  Did  Herman  &  Co.  own  it? — ^A.  Nothing  has  been  said  about  it  recently. 
•  *  *  *  •     •  «  « 

Q.  What  becomes  of  the  baliti  they  get  in  these  islands? — ^A.  It  Is  for  eating. 
The  Chinese  like  It.  They  export  It  to  Shanghai.  They  send  it  to  Shanghai  and 
Canton.     Balati  is  the  local  name. 

Q.  Who  goes  into  that  business,  the  balati  business? — A.  The  balati  is  down 
4  or  5  fathoms  deep,  and  during  the  months  of  April  or  March  the  water  is 
clear,  when  they  go  to  the  brink  and  some  of  them  dive  down  for  it. 

Q.  Do  the  natives  or  the  Indians  gather  it? — A.  The  natives,  the  Filipinos 
and  Mandayas,  do  It.^ 

Q.  What  is  about  the  size  of  one  of  them?— A.  About  a  foot  long,  or  about 
6  or  8  inches. 

Q.  You  say  that  the  pearl  oyster,  concha,  is  produced  in  Cebu;  is  that  the 
same  kind  of  conclia  that  they  get  down  near  Jolo? — ^A.  The  pearls  produced 
from  these  conchas  at  Jolo  are  much  whiter;  the  pearls  are  worth  more  from 
Jolo. 

Q.  How  much  is  the  concha  worth  that  comes  from  Jolo? — ^A.  The  price  fluc- 
tuates from  $20  to  $60  sometimes. 

Q.  For  what? — A.  For  a  picul. 

Q.  Where  do  these  pearl  oysters  go?  Do  they  go  to  Singapore  or  do  they 
come  here  to  Manila? — ^A.  Formerly  the  shells,  when  there  was  no  steamer  run- 
ning between  Jolo  and  Singapore,  came  here;  but  now  there  are  steamers  run- 
ning between  Jolo  and  Singapore,  so  they  go  direct  to  Singapore. 

Q.  Who  buys  them  there? — A.  Some  Ehigllsh  traders  buy  some  and  the  Chi- 
nese buy,  too. 

Q.  How  much  are  they  worth  a  picul  over  there? — A.  They  barter.  Bargain 
in  a  kind  of  barter. 

Q.  They  give  other  things  for  them? — A.  Yes. 

Q.  Is  anybody  dredging  for  pearl  oysters  down  there  now,  or  are  they  brought 
up  by  divers? — A.  In  April  or  March,  when  the  water  is  clear,  they  can  see  to 
some  depth,  about  2  or  3  fathoms  or  4  fathoms,  and  they  can  dive  down. 

Q.  Are  there  any  machines  used — any  dredges? — A.  No. 

******* 

Q.  What  do  you  know  about  gold  mines  in  Cagayan? — A.  The  natives  or  any 
people  can  go  there  and  work  as  they  like.    This  is  taken  out  of  the  earth,  too. 

Q.  What  becomes  of  this  gold  that  they  get  in  that  way?— A.  Gold  dust — it 
is  sold  in  Manila.    It  is  put  up  in  bottles  and  sold. 

Q.  Who  buys  it,  the  Chinese?— ^A.  Chinese  and  English  buy  it. 

Q.  You  spoke  of  the  relative  merits  of  Australian  and  Japanese  coals.  Have 
you  had  any  experience  in  the  burning  of  Philippine  coals  and  lignites  in  your 
steamers? — A.  Yes.. 

Q.  Will  you  tell  us  what  the  result  of  it  was? — ^A.  Compared  to  $127  expense 
in  one  of  our  steamers  on  getting  our  coal  down  here  at  the  Cebu  mines,  $85 
about — it  was  about  $85  to  $125,  taking  the  dollar  value  burned  in  one  day,  but 
the  burnings  were  much  quicker ;  there  was  much  more  consumption  of  it.  The 
Cebu  coal  leaves  a  clean,  white  ash,  and  it  bums  much  quicker  than  the  Aus- 
tralian.   We  get  it  at  $6.25  a  ton,  Mexican,  down  at  our  mines. 

Q.  That  means  increased  work  for  the  firemen ;  they  have  to  shovel  more  of 
it?— A.  Yes;  but  taking  the  day's  work,  it  is  an  economy  for  us  to  use  it. 
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Q.  Is  it  a  good  coal  for  steam  making? — ^A.  Yes;  the  coal  is  all  surface  coal 
so  far;  they  haven't  got  down  to  the  good  coal  yet.    It  is  very  Inflammable; 

very  inflammable,  indeed.  They  have  the  bunkers  alongside  the  boiler  instead 
of  forward  ship,  and  it  is  apt  to  catch  fire. 

Q.  It  has  been  said  that  all  of  these  coals  out  here  have  so  much  sulphur  in 
them  that  they  injure  the  grates? — ^A.  Well,  fire  bars  are  not  so  expensive. 
Our  engineers  never  reported  against  that.  Our  superintendent  told  us  that 
the  only  thing  the  engineers  complained  of  was  having  more  work  with  it 
They  have  never  objected  to  it  on  the  basis  of  injuring  the  grates. 

Q.  Have  you  ever  known  of  any  experiments? — A.  My  uncle,  by  marriage, 
has  coal  down  in  Masbate,  and  he  used  to  use  that  coal  in  his  own  steamers, 
and  then  he  had  an  analysis  made  of  that  coal  here.  I  think  I  have  a  copy  of 
it  in  the  oflice. 

Q.  Will  you  be  willing  to  allow  us  to  see  it  along  with  the  other  papers?— A. 
Yes. 

Q.  Has  a  practical  test  been  made  of  the  mines  in  southern  Mlndoro? — A. 
Yes ;  that  is  where  my  mines  are.  We  did  not  dig  down ;  we  dug  out  right  from 
the  top — the  surface. 

Q.  It  is  better  than  the  Cebu  coal,  then? — ^A.  It  seems  to  me  to  be  a  better 
coal.  We  used  it  in  our  steamer  Balinao,  and  it  gave  a  very  good  result  as 
compared  with  Cebu  coal.  It  was  fully  equal  to  it  The  engineer  said  he  liked 
the  result  of  it.    It  was  a  brighter  coal. 

Q.  Are  you  making  any  plans  looking  to  the  development  of  those  mines? — 
A.  Yes;  as  soon  as  we  can  get  things  going,  because  Balloca  is  a  very  good 
little  harbor  in  Mlndoro;  only  eighteen  hours  away  from  here.  It  is  the  best 
situated  of  the  towns,  but  there  is  a  little  fever  there.  It  is  mountainous,  and 
from  the  port  of  Balloca  you  go  upstream  about  5  or  6  kilometers.  This  stream 
is  navigable  for  these  small  cascos,  or  even  for  very  light-draft  steam  launches ; 
that  is,  between  the  mountains.  The  mountains  are  right  there,  with  high  ele- 
vation of  the  coast,  until  the  stream  disappears  in  the  foot  of  the  mountains, 
and  you  have  scenery  on  each  side  all  the  way  up  there.  It  is  quite  a  healthy 
place,  except  so  far  as  the  natives  are  concerned. 

Q.  What  was  the  range  of  this  scene? — A.  One  was  50  centimeters  and 
another  was  35. 

Q.  Has  an  analysis  been  made  of  that  Mindoro  coal? — A.  No;  I  haven't  had 
it  analyzed.  I  have  samples  in  the  office  of  the  Mlndoro  coal,  the  soft  coal. 
In  Mindoro  and  in  Cagayan  de  Misamis  they  have  very  good  coal,  and  then 
there  is  Batangas  coal  and  Sulat  coal;  and  there  is  coal  up  here  in  Morong, 
which  is  up  by  the  lake  there — Tanay. 

{Page  305.) 

Q.  Tell. us  something  about  Benguet. — A.  Benguet  is  the  healthiest  place  in 
the  Philippine  Islands;  it  is  mountainous,  very  high.  I  haven't  been  up  there 
myself,  but  I  think  it  is  about  5,000  feet  above  the  sea  level.  It  is  a  place  with 
a  climate  something  like  at  home ;  they  have  pine  forests  up  there,  and  the  tem- 
perature goes  down  to  a  very  low  d^ree.  I  have  the  maximum  and  the  mini- 
mum temperatures. 

Q.  Commercially,  what  effect  would  that  road  have? — ^A.  CJommercially,  they 
have  gold  fields  up  there ;  they  use  a  trying  pan  for  the  gold.  They  have  mines, 
and  tobacco  is  grown  up  there  in  fair  quantities  around  about  San  Fernando,  in 
the  Benguet  district,  and  beautiful  potatoes  come  from  there.  It  would  increase 
their  use  if  we  had  an  easy  transport  to  bring  them  down.  Of  course,  commer- 
cially it  would  not  be  so  important  as  the  other  districts. 

*  ♦  «      .  «  «  m  * 

Q.  Would  there  be  coal  mines  in  that  region? — ^A.  Yes ;  all  through  the  islands 
there  is  coal,  and  coal  mines  up  this  side  of  the  mountain. 

Q.  Are  the  gold  mines  worked? — A.  In  a  sort  of  desultory  way,  but  not  well. 
The  native  has  worked  them  with  a  pan,  and  gets  12i  cents  a  day  for  each  work- 
ing. Professor  Ashbum  came  out  here  several  years  ago  and  condemned  a 
whole  lot  of  mines,  but  I  think  his  condemnation  can  not  be  trusted  altogether, 
for  he  was  too  short  a  time  here  to  give  them  a  fair  trial,  and  the  shafts  he  went 
into  were  not  properly  prepared ;  they  were  not  sunk  far  enough. 


[Gazetteer  of  the  Philippine  Islands,  1902,  p.  81.] 

Mnrs&ALS. 

The  mineral  resources  of  the  archipelago  are  sufficiently  known  to  indicate 
their  value  as  commercial  products,  but  to  what  extent  scientific  exploration 
and  exploitation  will  determine.  It  is  claimed  that  black  lignite,  the  coal  of  the 
archipelago,  is,  so  far  as  now  known,  the  most  valuable  mineral  asset  of  the 
Philippines,  and  is  found  in  many  of  the  islands  from  the  Luzon  Peninsula  south 
through  the  Visayas  to  Mindanao. 

From  a  mineralogical  standpoint  the  best  authorities  are  the  Spanish  mining 
bureau,  the  researches  of  Ashbumer,  and  technical  publications  of  Semper, 
Santos,  lioth,  Drasche,  and  Abella,  and  others;  also  the  travels  of  Ck)myns, 
Jagor,  Worcester,  and  others. 

The  use  of  gold  in  exchange  and  adornment  and  copper  for  utensils  was  com- 
mon among  the  natives  upon  the  first  landing  of  the  Spaniards.  The  mining  of 
metals  was  never  systematically  encouraged  by  the  new  occupants  of  the  islands. 
The  native  methods  were,  and  still  are,  confined  to  placer  and  gold  washings, 
their  methods  of  working  quartz  being  primitive  and  unsatisfactory.  Foreign 
enterprise  has  Invariably  been  attended  by  failure,  owing  to  revolutions,  burden- 
some laws  and  regulations,  scarcity  of  sldlled  labor,  and  impracticable  expendi- 
ture of  working  capital. 

Since  American  occupation  miners  and  prospectors  have  often  preceded  the 
troops.  The  mining  bureau  at  Manila,  by  direct  report  through  the  miner  or 
prospector  himself  or  officers  of  the  army  who  have  come  upon  these  pioneers, 
has  reports  from  almost  every  island.  In  a  majority  of  cases  samples  and  speci- 
mens have  been  furnished  to  indicate  that  the  mining  industry  in  the  Philippines 
will  meet  every  expectation.  Through  these  sources  the  fact  has  been  estab- 
lished to  the  satisfaction  of  the  bureau  that  gold,  copper,  lead,  iron,  coal, 
sulphur,  granite,  marble,  petroleum,  and  other  metallic  and  ncmmetallic  minerals 
exist  in  paying  quantities.  The  influence  of  the  miner  and  prospector  is  making 
itself  felt,  repeating  the  experiences  of  the  pioneer  days  of  the  mineral-producing 
American  States  of  the  West. 

The  following  are  the  metallic  and  nonmetallic  minerals  of  the  archipelago : 

Antimony. 

The  sulphide  (stibnite)  is  reported  at  Baracale,  in  Oamarines,  and  Zambales, 
Luzon.  It  does  not  appear  whether  in  either  case  the  mineral  is  sufficiently 
abundant  to  be  regarded  as  an  ore  deposit. 

Asphalt 

Asphalt  is  reported  in  Luzon  in  Ambos-Camarines,  between  Lake  Buhl  and 
Bato,  as  well  as  in  Mindanao  at  Hinatuan,  in  Surigao. 

Clays. 

Clays  of  Los  Banos  (Laguna)  and  of  Maunrigao  (Surigao,  Mindanao)  are 
comparable  with  the  best  Chinese  and  Japanese  kaolins.  It  would  be  easy  to 
import  expert  potters  from  those  countries. 

For  details  of  the  Coal  Measures  of  the  Philippines,  see  report  to  United 
States  military  governor  in  the  Philippines,  by  Charles  H.  Burritt,  first  lieu- 
tenant, Eleventh  Cavalry,  U.  S.  Volunteers,  officer  in  charge  of  mining  bureau. 
Division  of  Insular  Affairs,  August,  1901. 

Gas. 

Gas  is  said  to  exist  in  the  Cebu  coal  fields.  It  is  also  reported  from  the 
island  of  Panay. 
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Oypsum. 

This  mineral  is  plentiful  in  tlie  eastern  part  of  the  central  range  of  Luzon. 

Lithographic  Stone. 

Lithographic  stone  is  found  at  San  Mateo,  Rizal,  Luzon.  Should  this  turn 
out  to  be  of  good  quality  and  in  large  blocks,  the  deposit  would  be  a  treasure. 

Mercury. 

Mercury  is  reported  in  Panay  and  Leyte. 

Niter. 

Niter  is  found  in  the  caves  at  several  points  in  the  Philippines,  very  probably 
originating  In  the  dung  of  bats  and  other  animals.  It  was  collected  by  the 
insurgents  for  the  manufacture  of  gunpowder.  Among  the  localities  where  It 
is  known  are  the  small  islands  of  Masapllit  and  the  town  of  Placer,  in 
Mindanao. 

Ochers. 

These  nonmetallic  substances  in  many  cases  are  mistaken  for  impure  cin- 
nabar. It  will  require  scientific  Investigation  to  determine  their  character  in 
the  Philippines. 

Oil. 

On  Panay  oil  Is  reported  at  Janluay,  in  Iloilo. 

OpaL 

This  nonmetallic  mineral  occurs  In  Binangonan,  Rizal  (Morong),  Luzon,  and 
at  Catbalogan,  Samar,  and  is  very  common  in  volcanic  regions,  but  the  valuable 
variety,  fire  opal,  is  rare. 

Platinum. 

Platinum  Is  reported  in  several  parts  of  Mindanao.  The  finding  of  this  valu- 
able mineral,  the  supply  of  which  to  the  commerce  of  the  world  is  now  practi- 
cally confined  to  Russia,  will  prove  a  valuable  acquisition  to  the  mineral 
products  of  the  possessions  of  the  Ignited  States. 

Pearls. 

Pearl  fisheries  exist  In  the  Sulu  Archipelago,  and  form  an  important  source 
of  wealth.  The  *'  round  pearls  "  of  Slasl  and  near-by  waters  are  the  finest  in 
the  world. 

Precious  Stones. 

Precious  stones  have  occupied  but  little  attention.  Their  existence  In  several 
varieties  is  reported.    The  presence  of  the  opal  is  established. 

Salt. 

Deposits  of  rock  salt  occur  In  Mount  Blanco  and  Bamban  (Nueva  Eclja),  in 
Calamba  (Laguna),  and  in  Placer  (Surigao,  Mindanao).  As  might  be  sup- 
posed, the  natives  extract  much  of  their  salt  from  the  sea  water. 

Serpentine. 

Serpentine  is  found  In  Santa  Cruz,  Zambales,  and  the  same  mineral  Is  widely 
distributed  in  the  Islands. 

Zinc. 

Zinc,  both  as  the  sulphide  and  as  a  silicate,  exists  at  Paracale,  seemingly 
In  connection  with  lead  ores  and  gold.  Information  would  point  to  the  con- 
clusion that  the  zinc  ores  are  to  be  regarded  rather  as  metallic  gangue  minerals 
than  as  separate  deposits. 
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MINEBALS. 

Soon  after  the  occupation  of  the  islands  by  the  Americans  a  mining  bnreau 
was  established  which,  of  necessity,  under  the  limited  authority  of  the  then 
existing  government,  confined  its  work  to  investigation  of  and  report  upon 
mines  and  claims,  to  the  translation  of  Spanish  laws,  decrees,  and  documents, 
to  the  gathering  of  information  as  to  the  results  of  prospecting,  and  to  the 
preparation  of  reports  on  the  more  important  mineralk  found  In  the  islands, 
and  to  laboratory  work  and  assays  on  specimens  submitted. 

The  most  important  work  of  the  mining  bureau  has  been  its  institution  of  a 
system  of  mineralogical  and  geological  surveys.  A  museum  of  geological 
specimens  and  a  laboratory  for  scientific  research  and  assay  are  maintained. 

Coal. 

Coal  is  known  to  exist  in  many  of  the  different  islands  of  the  archipelago, 
and  some  of  the  deposits  are  very  extensive.  Testimony  is  unanimous  that  the 
Philippine  coals  do  not  clinker,  nor  do  they  soil  the  boiler  tubes  to  any  such 
extent  as  do  Japanese  and  Australian  coals.  It  has  been  demonstrated  that 
coal  from  several  deposits  in  the  Philippine  Islands  will  coke. 

These  coals  have  been  given  practical  test  in  the  vessels  engaged  In  the 
coasting  trade  of  the  archipelago  with  very  satisfactory  results  as  regards  their 
steam-making  properties.  Prior  to  American  occupation  the  shipping  in  Philip- 
pine waters  was  dependent  upon  coals  imported  from  great  distance,  whereas 
local  coals  are  now  being  utilized,  and  It  Is  believed  will  be  mined  in  sufficient 
quantities  to  more  than  meet  the  heavy  demands  of  shipping  In  those  waters. 

The  island  of  Batan  is  spoken  of  as  "a  solid  mass  of  coal."  An  electric 
railway»is  now  nearlng  completion,  which  will  connect  this  mine  with  a  deep- 
water  harbdr.  It  is  to  be  developed  by  private  corporations,  under  the  direc- 
tion of  an  officer  of  the  Engineer  Corps  of  the  Army  detailed,  with  a  competent 
force  of  skilled  miners,  for  the  purpose  of  carrying  on  a  systematic  examina- 
tion of  the  deprsits,  to  determine  their  extent  and  value. 

Gold,  Copper,  and  Other  Metals. 

There  are  well-known  deposits  of  gold,  copper,  and  other  metals  throughout 
the  islands.  A  mineralogical  map  has  been  prepared,  showing  the  authenti- 
cated mines,  and  proved  mineral  deposits  of  value,  but  which  does  not  purport 
to  represent  all  mineral  deposits  in  the  islands. 

Mining  Claims. 

Upon  the  passage  of  the  Philippine  government  act  of  July  1,  the  mineral 
deposits  in  public  lands  in  the  Philippine  Islands  were  declared  to  be  free  and 
open  to  exploration,  occupation,  and  purchase,  and  the  land  in  which  they  are 
found  to  occupation  and  purchase,  by  citizens  of  the  United  States  or  of  the 
Philippine  Islands,  and  in  pursuance  thereof  an  enactment  was  passed  by  the 
Philippine  Commission  prescribing  regulations  governing  the  location  and 
manner  of  recording  mining  claims,  and  the  amount  of  work  necessary  to 
hold  possession  of  a  mining  claim.  The  administrative  work  with  reference 
to  titles  to  mining  claims  was  transferred  to  the  bureau  of  public  lands,  and 
the  bureau  of  mines  of  the  insular  government  has  continued  its  work  of 
effectively  carrying  out  reconnoissances  of  the  important  mineral  regions  of 
the  Philippines  in  order  that  accurate  information,  of  value  to  the  prospector, 
the  miner,  and  the  capitalists,  may  be  made  available,  and  the  development 
of  the  mining  industry  may  be  stimulated. 

Up  to  June  30,  1903,  there  had  been  presented  for  record  357  lode  claims, 
96  placer  claims,  6  coal  claims,  and  141  claims  the  character  of  which  was  not 
designated,  making  a  total  of  599.  These  claims  were  scattered  throughout 
the  different  provinces  of  the  archipelago. 
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Unless  all  indications  are  deceptive,  the  mineral  wealth  of  the  Philippine 
Islands  is  very  great.  Coal,  of  Tertiary  age,  of  widely  dlfifering  qualities,  from 
lignite  so  soft  and  impure  as  to  be  practically  worthless  up  to  that  equal  in 
steam  capacity  to  the  best  Japanese  coal,  is  found  scattered  widely  over  the 
archipelago.  Indeed,  there  are  few  provinces  in  which  It  has  not  been  found. 
Many  of  the  prospci'ts  which  on  the  surface  appear  almost  worthless,  owing  to 
weathering,  may,  with  depth,  develop  into  a  better  quality.  Gold,  also,  is  very 
widely  distributed,  but  thus  far  the  veins  and  placers  are  poor  and  can  not  be 
worked  at  a  profit  under  present  conditions  of  transportation  and  labor.  Valu- 
able dei)osit8  of  copper  and  iron  have  been  discovered,  and  in  years  past  have 
been  worked  to  a  limited  extent.  Indications  of  asphaltum  and  petroleum  have 
also  been  discovered,  yet  the  mineral  production  of  the  islands  was,  in  1902, 
practically  nothing. 

The  following  list  of  mineral  occurrences  has  been  made  up  in  part  from  the 
admirable  report  of  Dr.  G.  F.  Becker,  of  the  United  States  Geological  Survey, 
in  part  from  the  publications  of  the  mining  bureau  of  the  insular  government, 
and  in  part  from  the  reports  of  the  supervisors  of  the  census. 

Coal. 

• 
Coal  has  been  found  In  the  following  localities:  Cagayan  Province,  in  the 
municipalities  of  Nasslplng  and  Pamplona;  Abra  Province,  in  Dolores;  La 
Union  Province,  in  four  or  five  localities;  Nueva  Vlzcaya  Province,  near  the 
municipality  of  Bayombong;  Bulacan,  at  Norzagaray;  Rizal  Province,  in 
Tanay;  Tayabas  Province,  on  the  islands  of  PolIUo,  Alabat,  Pagbilao  Grande, 
and  Pagbilao  Chlco,  also  In  the  municipality  of  Macalelon;  Ambos  Camarines 
Province,  in  Mambulao,  Paracale,  Pasacao,  Caramoan,  and  Bato;  Albay  Prov- 
ince, on  the  islands  of  Batan,  Cacraray,  and  Rapurapu,  which  appear  to  be  every- 
where underlaid  by  coal,  and  in  Bato  on  Catanduanes  Island;  Sorsogon  Prov- 
ince, in  the  municipality  of  Gubat,  Bacon,  and  Magallanes;  Mindoro  Province, 
in  Bulalacao  and  on  the  island  of  Semirara ;  Marinduque  Island ;  Masbate,  in 
Cataingan  and  Palanas;  Samar,  in  the  Calblga,  Pambujan,  Paranas,  Gandara, 
Zumarraga,  and  Catarman;  Leyte,  in  Babatungon  and  on  Blliran  Island; 
Bohol,  in  Calape;  Cebu,  at  Danao,  Compostela,  Naga,  Bolhoon,  Balamban, 
Asturias,  Toledo,  and  Algeria,  indeed  in  nearly  every  municipality  on  the  east- 
em  coast;  Negros  Occidental,  in  Cavancalan,  Escalante,  and  Calatrava; 
Negros  Oriental;  Hollo,  in  Dingle  and  Nueva  Valencia;  Caplz,  in  Madalag; 
Surigao,  on  the  islands  of  Dlnagat  and  Slargao,  and  In  the  municipalities  of 
Loreto,  Blsllg,  Tandag,  Tago,  and  on  Point  Sancop;  Mlsamis,  in  the  barrio  of 
Xaauan;   Zamboanga,  at  the  head  of  Sibuguey  Bay;   Davao,  near  Matti. 

Of  the  above,  coal  is  now  being  mined  on  Batan  Island  by  the  United  States, 
which  has  leased  a  tract  of  coal  land^  for  the  supply  of  the  army  transports. 
Analyses  show  that  it  equals  the  best  Japanese  coal.  Some  is  also  mined  by 
private  parties.  A  report  upon  these  Batan  deposits  has  been  published  by  the 
mining  bureau.  Samples  of  the  Cebu  coal  have  been  analysed,  showing  that 
some  of  them  are  but  little,  if  any,  inferior  to  the  coals  of  Japan.  The  coal 
deiwslts  of  Cebu  are  extensive,  but  are  badly  broken  by  volcanic  action.  Much 
work  was  done  in  Spanish  times  in  exploiting  these  deposits,  but  without  a 
high  degree  of  success.  The  coal  found  on  Sibuguey  Bay  has  be^i  tested  on 
naval  vessels  with.  It  is  said,  very  satisfactory  results. 

It  is  altogether  probable  that  in  the  near  future  the  Philippine  Islands  will  pro- 
duce not  only  enough  coal  for  their  own  supply,  but  may  furnish  coal  for  a  large 
part  of  the  commerce  of  the  Pacific,  a  fact  of  prime  importance  in  determining 
the  course  of  that  commerce.  With  cheap,  good  coal  and  dock  facilities  at 
Manila  the  trafllc  of  that  port  may  be  vastly  increased. 
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Gold. 

Gold  is  reported  in  the  following  localities :  Lepanto-Bontoc ;  Bengnet ;  Nueva 
Ecija,  in  Gapan,  Penaranda,  Bongabon,  and  Puncan ;  Pangasinan,  in  Salasa  and 
San  Nicolas;  Rizal,  in  Montalban  and  at  the  mouth  of  Pnary  River;  Ambos 
Camarines,  in  Mambulao  and  Paraeale ;  Albay ;  Mindoro,  in  mountains  near  the 
municipality  of  Calapan  and  in  the  barrio  of  Sablayan,  in  the  pueblo  of  Mam- 
burao;  Romblon,  in  Magallanes;  Masbate,  in  San  Agustin;  Samar,  in  Palapag; 
Leyte  Province,  on  Blllran  and  Panaon  islands ;  Cebu,  in  Toledo  and  Balamban, 
and  in  the  barrio  of  Talamban,  in  the  municiplity  of  Mabolo ;  Negros  Occidental, 
in  Calatrava ;  lloilo,  in  San  EiUrique ;  Capiz,  in  mountains  of  Malinao,  Maayon, 
Cuartero,  and  Dumarao;  Paragua  Province,  on  Balabac  Island;  Misamis,  in 
rivers  flowing  into  Macajalar  Bay;  Surigao,  in  Surigao,  Anao-aon,  Placer, 
Malnit,  Taganaan,  Liafiga,  Linguig,  Carrascal,  and  Nonoc,  and  generally  in  the 
eastern  range  of  Mindanao ;  Zamboanga,  from  placers  40  miles  from  the  city  of 
Zamboanga. 

Gold  has  been  mined  for  centuries  by  the  Igorots  in  Lepanto-Bontoc  and 
Benguet,  both  from  viens  and  placers.  The  total  output  has  been  small,  as  both 
classes  of  deposit  are  of  low  grade,  but  the  Igorot  is  contented  with  low  wages, 
especially  if  he  is  working  for  himself.  Since  American  occupation  this  moun- 
tain range  has  been  prosi)ected  by  Americans,  and  several  hundred  claims  have 
been  located.  Little  work  has  been  done  on  them,  and  it  is  not  believed  that 
any  deposits  likely  to  prove  profitable  under  present  conditions  of  lal)or  and 
transportation  have  been  discovered. 

The  deposits  of  Capiz  are  placers  and  are  said  to  have  been  long  worked  by 
natives.  It  is  reported  that  600  taels*  worth  of  gold  was  extracted  from  the 
deposits  of  Surigao  by  natives  in  1902.  These  are  the  only  estimates  of  product 
that  have  been  obtained  for  that  year. 

Copper. 

Copper  is  reported  in  the  following  localities:  Lepanto-Bontoc;  Benguet; 
Nueva  Ecija,  in  Puncan  and  Pantabangan;  Pangasinan,  in  Salasa;  Masbate, 
in  Milagro& 

The  largest  and  most  promising  of  the  above  deposits  are  those  in  Lepanto- 
Bontoc.  They  are  situated  on  the  upper  waters  of  Abra  River  near  Mount 
Data,  and  they  consist  of  enormous  ledges  of  low-grade  ore,  outcropping  in  the 
bluffs  bordering  the  river.  They  have  in  years  past  been  mined  extensively 
by  Spaniards  and  Igorots,  and  much  copper  has  been  extracted  by  crude  methods 
of  mining  and  smelting.  At  present  many  claims  are  held  by  Americans,  but 
no  work  other  than  the  assessment  work  necessary  to  hold  them  has  been  done. 

Copper  has  been  mined  in  Benguet  in  a  small  way  for  centuries  by  the  Igorots. 
Many  claims  have  been  located  by  Americans  in  this  province,  hut  little  work 
has  been  done  on  them. 

Concerning  the  copper  and  gold  deposits  of  Lepanto-Bontoc,  the  following 
statements  of  Governor  Dinwiddle,  census  supervisor  of  that  province,  are  of 
Interest : 

"  The  future  advancement  and  wealth  of  Lepanto-Bontoc,  from  an  industrial 
and  commercial  standpoint,  probably  lies  in  the  mining  possibilities.  The  min- 
eral lands  so  far  prospected  and  developed  lie  in  the  southern  half  of  Lepanto, 
in  the  section  known  as  Mancayan  and  Suyo.  Since  the  early  forties  the  Span- 
iards were  aware  that  valuable  mineral  was  contained  in  the  province  by  the 
stream  of  gold  and  copper  brought  to  the  coast  by  the  natives,  who  mined  in  a 
primitive  way.  Some  twenty  years  later,  certain  Spaniards  secured  crown 
grants  or  concessions  for  mining,  and,  from  that  time  to  the  beginning  of  the 
insurrection,  such  grants  were  secured  by  many  different  parties.  A  com- 
plete list  of  the  Spanish  mining  concessions  may  be  secured  from  the  mining 
bureau  in  Manila.  No  systematic  work  was  ever  attempted  in  this  mineral  belt, 
with  the  exception  of  the  development  of  the  Mancayan  Copper  Concession, 
whose  boundary  lines  inclosed  an  immense  body  of  solid  ore,  with  a  bold  and  pre- 
cipitous exposure  of  the  mineral  on  the  Abra  River,  some  1,000  feet  in  length  by 
150  feet  in  height,  and  which,  as  has  been  proven  by  tunneling,  runs  back  under 
the  hill  for  many  hundreds  of  feet,  the  width  not  yet  being  known.  A  syndicate 
operating  this  mine  erected  an  old-fashioned  smelter  half  a  mile  from  the  mine, 
with  trails  leading  upward  to  the  plant  from  the  mine.  No  attempt  was  made 
to  smelt  the  low-grade  ore,  but  instead  all  the  many  rich  leads  were  followed 
where  the  ore  showed  from  40  to  60  per  cent  of  copper.    The  result  has  been 
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that  the  hill  of  copper  ore  has  been  burrowed  into  in  every  direction  alon^ 
these  small  veins.  What  the  total  value  of  the  ore  extracted  was  is  not  Isnown, 
the  statistics  on  the  subject  not  being  known.  It  is  said  that  the  syndicate 
stopped  operating  from  lack  of  Igorot  laborers  and  the  fact  that  so  much  steal- 
ing was  done  and  so  many  rake-ofifs  taken  that  the  mine  did  not  pay  the  share- 
holders. 

"  There  are  several  other  Spanish  concessions,  of  both  copper  and  gold,  on 
which  more  or  less  desultory  work  has  been  done.  The  gold-bearing  rock  has 
received  much  more  attention  than  the  copper,  but  the  method  followed  was 
extremely  bad ;  the  claims  were  farmed  out  to  the  Igorots,  who  were  allowed 
half  the  gold  for  their  labor.  The  result  was,  naturally,  that  the  owners  did 
not  receive  their  share,  that  the  operations  were  only  carried  on  when  the  Igorot 
miner  needed  a  few  pesos  to  buy  supplies,  and  he  smelted  all  the  silver  he  dared 
into  the  gold  buttons.  Again,  the  Igorot  method  of  mining  is  ruinous  to  the 
country  and  to  the  owner,  In  rock  which  must  be  smelted  to  extract  gold,  as 
he  builds  dams  on  the  edges  of  the  slides  or  hills,  waits  until  the  rainy  season 
fills  them,  and  then  releases  a  deluge  which  tears  down  the  rock  and  carries 
the  detritus  into  the  valley  below.  On  this  mass  of  broken-down  material  he 
works,  picking  out  and  chipping  tiny  pieces  of  rock  which  show  the  gold  freely, 
and  again  picking,  or,  rather,  burrowing  for  a  few  feet  into  the  face  of  the 
fresh  exposure  of  rock.  The  rock  is  smelted,  by  handfuls,  in  charcoal  ovens 
of  rock  and  clay,  built  on  the  ground.  The  class  of  rock  which  he  must  of 
necessity  use  in  this  primitive  furnace  will  often  assay  a  thousand  dollars  a 
ton.  There  is  no  doubt  that  with  the  same  showing  of  gold-bearing  rock  in 
the  United  States  there  would  be  created  a  gold  fever  which  would  bring  thou- 
sands of  prospectors  to  the  spot  and  millions  of  capital  to  back  the  introduction 
of  modern  mining  machinery  and  methods. 

**  The  mining  belt,  as  now  known  to  the  handful  of  American  mining  pros- 
pectors who  have  with  real  fortitude  hung  on  to  this  region  for  the  last  three 
years,  waiting  for  an  American  mining  law  to  be  passed,  that  they  might  legally 
stake  claims,  reaches  from  a  point  2  miles  north  of  Mancayan  to  about  2 
miles  south  of  Suyo,  in  all  a  distance  of  some  10  or  12  miles,  and  the  belt  has 
possibly  an  average  width  of  a  mile. 

"  The  American  miner  since  the  passage  of  the  mining  law  last  autumn,  and 
the  concomitant  recording  of  his  claim,  is  rapidly  completing  his  first  year's 
assessment  work,  and  hardly  a  tunnel  or  shaft  has  so  far  been  driven  which 
does  not  show  low-grade  copper  ore,  10  to  20  per  cent,  in  ledges  from  a  foot  to 
15  feet  in  thickness,  or  where  large  intrusive  gold-bearing  quartz  streams  have 
not  been  uncovered  which  assay  from  $4  to  $20  per  ton. 

"  It  is  true  there  is  not  enough  Igorot  labor  at  hand  to  develop  these  mines. 
It  is  also  true  that,  while  the  American  miner  is  setting  about  his  task  in  a 
manner  a  thousand  times  more  Intelligent  than  the  Igorot  has  ever  done,  he 
is  yet,  perforce,  doing  the  work  in  a  very  primitive  way,  without  powder  to 
shoot  a  foot  of  rock,  with  few  tools,  and  depending  on  the  uncertain  and  diffi- 
cult attempt  of  directing  the  Igorot  how  to  do  the  actual  work.  The  trouble 
is  that  the  American  miner  has,  as  yet,  been  unable  to  display  his  find  to  the 
capitalist  or  backer.  He  has  spent  three  years  grimly  holding  on  to  his  claim, 
without  a  shadow  of  warrant  in  law,  until  the  passage  of  the  recent  mining 
law,  and  naturally  he  has  been  loath  to  advertise  the  wealth  of  the  region 
until  such  time  as  he  was  protected  by  recorded  claims,  the  result  being  that 
the  little  money  with  which  he  came  into  the  country  has  long  since  been  ex- 
hausted, and  the  wherewithal  Is  not  yet  in  sight  to  decently  develop  his  hold- 
ings. In  any  cold  clime  this  prospector  would  have  been  frozen  out  long  ago 
and  left  the  country  In  despair,  but  here.  In  the  midst  of  perpetual  springtime — 
for  the  region  Is  between  five  and  six  thousand  feet  elevation — he  turns  to  the 
soil  for  support,  building  a  small  cabin  of  readily  accessible  materials,  planting 
a  garden  around  It,  and  raising  chickens  and  hogs  to  supply  himself  with  food. 
In  many  ways  the  country  is  ideal  for  mining  development  The  climate  is 
almost  i)erfect  at  these  high  altitudes,  and  the  American  can  labor  here  as 
readily  as  in  any  part  of  the  United  States.  There  is  ample  timber  for  all 
mining  construction.  The  Abra  River — a  large,  fast-fiowing  stream — offers 
more  power  than  will  ever  be  required,  and,  while  the  main  trails  to  the  coast 
are  admirable  for  packing,  the  Abra  River  gives  a  practically  easy  outlet,  with 
gentle  grade  to  the  coast,  for  the  construction  of  an  electric  or  steam  railroad. 

"Capitalists  will  come  Into  this  country  bringing  the  necessary  labor  and 
modem  mining  machinery  for  the  smelting  of  the  great  areas  of  low-grade 
copi)er  ore,  and  have  before  them  as  great  a  surety  of  immense  winnings  as 
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the  developers  of  the  Lake  Superior  region  ever  had  In  the  United  States. 
Many  of  the  copper  claims  will  assay  sufficient  gold  to  pay  all  the  operating 
expenses  of  a  mill. 

"  From  what  has  been  said  above  it  will  be  understood  that  Lepanto-Bontoc 
in  1902  did  not  show  any  mineral  output  which  can  be  measured  in  figures. 
The  Igorots  are  constantly  selling  gold,  and  the  buyer  can  always  secure  a  few 
ounces  of  buttons  by  sending  out  word  that  he  is  there  to  purchase.  The  price 
has  Increased  greatly  during  the  last  three  years,  gold  previously  bringing 
only  10  or  12  pesos,  or  $5  to  $6  gold,  per  ounce,  and  more  than  double  that 
amount  to-day.  Even  at  the  present  price,  however,  there  Is  a  large  profit  to 
the  careful  buyer  who  does  not  let  the  Igorot  palm  off  his  buttons  filled  with 
melted  Spanish  silver  coins. 

"  One  of  the  Igorot  copper  Industries  which  Is  being  slowly  suppressed  is  the 
manufacture  of  the  siplng,  an  extremely  rude  counterfeit  of  the  Spanish  copper 
coin.  They  are  much  thinner  than  the  genuine  coins,  but,  owing  to  the  almost 
lack  of  small  change  in  this  province  and  other  parts  of  northern  Luzon  as 
well,  they  are  valued  at  a  cent  and  a  quarter  Mexican,  or  4  sipings  are  equal 
to  5  centavos.  How  large  the  issue  has  been  since  four  years  ago,  when  the 
industry  began,  no  one  knows.  At  least  the  entire  western  half  of  northern 
Luzon  has  been  supplied  with  them,  and  the  demand  has  been  greater  than 
the  supply.  That  the  manufacturer  has  found  it  remunerative  there  can  be 
little  doubt,  for  his  outfit  consists  of  a  small  hammer,  a  few  Spanish  coppers 
with  which  to  make  clay  models,  and  a  handful  of  charcoal  placed  in  a  hole 
lined  with  clay,  which  constitutes  his  smelter. 

"  It  Is  said  that  in  years  gone  by  the  country  was  filled  with  copper  kettles 
of  Igorot  manufacture,  and  It  was  these  finding  their  way  to  markets  of  the 
coast  which  first  attracted  the  attention  of  the  Spaniards  to  the  mineral  de- 
posits of  this  region.  A  few  of  these  primitive  hand-beaten  kettles  may  still 
be  found  among  the  Igorots,  but  the  story  goes  that  they  are  all  being  rapidly 
converted  into  the  salable  siplng. 

"Among  the  richer  Igorots  one  often  finds  gold  figurines — casts  of  their 
anitos  and  of  animal  forms,  preferably  the  carabao — and  again  they  often  have 
very  heavy  gold  ear  disks,  though  the  common  people  are  content  with  the 
same  forms  in  copper." 

Governor  Pack,  census  supervisor  of  Benguet  Province,  adds  the  following 
details  regarding  the  mineral  deposits  of  his  province: 

"The  province  of  Benguet  has  four  distinct  mountain  ranges,  running  in  a 
northerly  and  southerly  direction.  One  of  these,  the  central  and  principal  one, 
is  mineral  bearing  in  many  places,  showing  rich  outcropplngs  of  copper  ore, 
which  carries  with  It  gold.  In  other  places  there  are  outcropplngs  of  gold, 
silver,  and  a  little  lead.  What  would  be  developed  by  going  to  any  depth 
below  the  surface  or  by  following  these  leads  to  the  mother  ledge  can  not  be 
said,  for  it  has  never  been  done.  The  Spaniards,  though  here  for  centuries 
and  possessed  of  knowledge  that  there  was  gold  in  these  mountains,  never  spent 
a  cent  In  the  development  of  mines.  The  Igorots  would  bring  In  gold  In  dust, 
sometimes  coarse,  which  the  Spaniards  would  gladly  purchase,  their  prices  never 
exceeding  7  pesos  per  ounce.  It  is  well  known  that  at  one  place,  Antomac, 
there  were  Igorot  diggings.  Flanza,  the  last  Igorot  occupant  of  these  lauds, 
told  me  that  he  averaged  100  ounces  a  year  from  this  one  mountain.  Even 
now  gold  can  be  obtained  in  small  amounts  from  the  Igorots,  but  they  are 
shrewd  enough  to  demand  the  market  price.  There  are  now  300  mining  claims 
on  record  in  the  province,  located  by  American  prospectors.  Perhaps  half  a 
dozen  tunnels  have  been  worked  on  these  mines,  but  without  further  results 
than  the  assessment  work  required  by  law  for  the  purpose  of  retaining  pos- 
session." 

Iron. 

Deposits  of  ore  of  this  metal  have  been  found  In  many  places,  among  them 
the  following:  Bulacan  Province,  In  Angat;  Ambos  Camarines,  6  miles  south 
of  Paracale ;  Samar,  in  Parle ;  Negros  Occidental,  on  Binalarcan  River ;  Capiz, 
in  Pontevedra ;  Bohol,  in  Maribojoc ;  Davao  district,  near  Matti. 

Of  the  above,  the  deposit  in  Angat  and  neighl>oring  parts  of  Bulacan  Prov- 
ince appears  to  be  extensive  and  rich.  The  ore  is  hematite  and  magnetite, 
principally  the  latter,  and  runs  from  50  per  cent  to  63  per  cent  of  metallic  iron. 
The  deposits  extend  over  a  belt  40  miles  in  length,  varying  greatly  in  breadth, 
lying  on  the  west  slope  of  the  range  which  forms  the  eastern  portion  of  the 
province.    The  ore  was  mined  to  a  small  extent  during  Spanish  domination. 
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but  without  financial  success.  Little  prospecting  of  the  deposits  in  place  has 
been  made,  the  ore  having  l>een  taken  mainly  from  bowlders  on  the  sur&ce. 
It  was  smelted  with  charcoal  in  small,  crude  blast  furnaces. 

This  property  has  been  examined  and  reported  on  by  the  mining  bureau  of 
the  insular  government,  and  it  appears  probable  that  it  may  be  made  of  great 
value  to  the  archipelago,  not  only  rendering  it  independent  of  the  rest  of  the 
world  in  the  matter  of  pig  iron,  but  it  may  build  up  extensive  manufactories 
of  iron  and  steel  in  these  islands. 

Petroleum. 

Indications  of  the  existence  of  petroleum  have  been  found  in  a  number  of 
places,  commonly  associated  with  coal  or  lignite.  The  following  have  been 
reported:  Nueva  Ecija,  In  northern  part  of  province;  Leyte,  in  San  Isidro; 
Cebu,  In  Toledo,  Alegria,  and  Asturias;  Hollo,  in  Leon,  Maasin,  and  Janiuay. 
This  article  has  as  yet  no  commercial  value. 

Mercury. 

Deposits  of  ore  of  this  metal  have  been  reported  In  the  province  of  Albay 
and  in  Mount  Isarog,  in  Ambos  Oamarines. 

Lead. 

Ores  of  this  metal  are  said  to  have  been  discovered  on  Point  Caragrag  in 
the  province  of  Sorsogon,  in  Paranas  on  the  island  of  Samar,  and  in  Cavan- 
calan  In  the  province  of  Negros  Occidental. 

Sulphur. 

This  mineral  is  found  in  many  localities,  as  might  be  expected  from  the  vol- 
canic character  of  the  archipelago.  It  is  reported  in  the  province  of  Sorsogon, 
in  Murcia  In  the  province  of  Negros  Occidental,  in  Negros  Oriental,  in  Burauen 
in  the  province  of  Leyte,  and  on  Mount  Aim  in  the  district  of  Davao. 

Harble. 

Deposits  of  marble  are  in  the  province  of  Forsogon;  in  Tuburan  In  the  prov- 
ince of  Cebu,  and  in  the  province  of  Romblou,  where  It  is  of  excellent  quality 
and  is  quarried  in  considerable  quantities. 

Gypsum. 

This  is  known  to  exist  in  Pena  Blanca,  Solana,  and  Mauanan  in  the  province 
of  Cagayan,  In  the  province  of  Nueva  Ecija,  where  It  is  quite  generally  dis- 
tributed; in  Ix)s  Banos  in  the  province  of  I^a  I^guna,  in  the  province  of  Sor- 
sogon, in  Balilijan  and  Dauis  in  the  province  of  Bohol,  and  in  Manapla  and 
Bacolod  in  the  province  of  Negros  Occidental. 

Salt 

This  mineral  Is  said  to  have  been  found  in  Janiuay,  Jjeon,  and  Maasin  in  the 
province  of  Hollo. 

Platinum. 

Platinum  Is  rei)orted  In  the  municipality  of  Paflgil  In  La  I^guna. 

Borax. 

Borax  is  reported  as  having  been  found  in  the  i)rovince  of  Negros  Oriental. 


fProm  speech  of  Hon.  Charles  H.  Dietrich,  February  13,  1903,  S.  Doc.  186,  57th  Cong., 

2d  sess.] 

MINING. 

Several  valuable  minerals  have  been  discovered  in  the  Islands,  incUidlng  gold, 
copper,  iron,  and  coal,  but  the  extent  of  the  deposits  have  not  been  ascertained. 

liie  only  mineral  of  which  large  deposits  are  said  to  have  been  discovered  and 
shipments  of  any  quantities  have  been  made  is  copper. 

The  shipments  of  copper  from  the  Philippines — ^not  stated  whether  copper 
ore,  ingots,  or  old  copper — have  been  as  follows  during  the  past  three  years : 


Year. 

Pounds. 

Value. 

1900 

$35,230 
24,439 

1901 

244,636 
205,707 

19U2 

18,935 

The  value  of  United  States  importations  of  unmanufactured  copper  during 
the  past  three  years  have  been  as  follows: 

1900 nf),  107,  713. 98 

1901 20,  223, 610.  52 

1902. 24, 865, 300. 58 

When  before  the  House  CJommittee  on  Insular  Affairs  (1902)  Governor  Taft 
said,  page  203: 

**  The  mineral  resources  of  the  islands  are  great.  There  is  said  to  be  a  copper 
vein  that  is  as  large  as  any  in  the  world  up  here  [indicating  on  the  mapl.  It 
is  estimated  that  there  are  about  1,500  American  prospectors  in  the  islands. 
They  are  an  excellent  body  of  men  and  they  have  gone  all  over  the  islands." 


[From  Consular  Reports,  Vol.  LVII,  No.  214.  July,  1898.  p.  414.] 


NOTES  ON  THE  PHILIPPINE  ISLANDS. 

Ambassador  Hay  sends  from  London,  under  date  of  May  18,  1898,  a  pamphlet 
written  by  Mr.  Frank  Karuth,  F.  R.  G.  S.,  entitled  "  A  New  Center  of  Gold  Pro- 
duction," describing  conditions  In  the  Philippines.  Mr.  Karuth,  who  Is  presi- 
dent of  the  Philippines  Mineral  Syndicate  (Limited),  says  In  the  letter  to  Am- 
bassador Hay  accompanying  the  pamphlet: 

"  These  notes  were  written  In  1894.  Since  then  the  exploratory  work  under 
my  direction  has  been  carried  on  as  vigorously  as  circumstances  i>ermltted.  At 
all  events,  extensive  auriferous  ore  dej^sits  have  been  opened  up  quite  near  the 
sea,  Assuring  a  large  output  for  many  years  to  come.  Also,  the  continuation  of 
the  auriferous  formation  has  been  proved  over  a  wide  district. 

"  The  complete  absence  of  practicable  roads  throughout  that  district  and, 
Indeed,  throughout  the  Islands,  must  at  first  confine  mining  operations  requiring 
heavy  plants  to  points  near  harbors  or  navigable  rivers.  But  such  points,  I 
venture  to  say,  are  numerous  enough  to  give  rise  to  prosperous  industry.  I 
know  of  no  other  jmrt  of  the  world,  the  Alaska  Treadwell  mines  excepted, 
where  pay  ore  Is  found  within  a  few  hundred  yards  of  the  anchorage  of  sea- 
going vessels.  So  far  the  fringe  only  of  the  auriferous  formation  has  been 
touched.  There  is  no  brook  that  finds  Its  way  Into  the  Pacific  Ocean  whose 
sand  and  gravel  do  not  at  least  pan  the  color  of  gold.    Heavy  nuggets  are  some- 
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times  brought  down  from  the  sierras,  where,  I  believe,  there  are  promising  fields 
for  hydraulic  mining.  Alluvial  gold  is  also  got  in  the  island  of  Mindanao,  espe- 
cially in  the  districts  of  Surigao  and  Misimis,  on  its  northern  coast.  Ebctensive 
deposits  of  copper  ore  occur  in  Luzon,  which  will  probably  prove  remunerative 
when  means  of  transport  have  been  devised. 

"  Galena,  both  auriferous  and  argentiferous,  is  found  in  veins  in  Luzon  and 
Cebu,  sometimes  accompanied  by  zinc  blends. 

"  I  do  not  Imow  of  the  occurrence  of  true  coal  in  the  islands.  The  beds  which 
have  been  intermittently  worked  in  the  Islands  of  Cebu  and  Masbate  consist  of 
lignite  of  very  good  quality.  Some  years  ago  large  outcrops  of  such  coal  were 
found  near  the  beach  in  the  island  of  Masbate,  but  most  of  it,  which  could  be 
got  without  mining,  has  been  removed  for  the  use  of  interinsular  steamers.  One 
of  the  syndicate's  engineers,  a  man  of  experience  as  manager  of  coal  mines  in 
Lancashire,  found  Masbate  coal  quite  useful  for  steamers.  He  calculates  the 
quantity  of  coal  available  in  a  concession  of  about  60  acres  at  1,200,000  tona 
The  Masbate  beds  are  so  tilted  as  to  form  an  angle  of  70**  with  the  horizontal. 

"  I  have  also  evidence  of  the  occurrence  of  gems  in  an  upper  valley  of  the 
sierra.  One  of  the  engineers  observed  in  a  sample  of  roughly  washed  alluvial 
gold  brought  down  by  the  aborigines  certain  small  stones,  which,  on  exam- 
ination in  the  schools  of  mines  in  Kensington,  were  found  to  be  rubies  and  hya- 
cinths. I  was  unable  to  detach  a  party  for  the  examination  of  the  locality,  but 
I  have  marked  it 

"  We  were  at  no  time  in  want  of  labor  at  cheap  rates,  though  at  times  we 
employed  several  hundred  men.  The  Bicol  miners  are  adepts  by  atavism  in 
their  work,  and  soon  adapt  themselves  to  European  methods.  On  the  whole, 
the  general  conditions  for  mining  enterprises  are  exceptionally  favorable." 

Extracts  from  the  pamphlet  are  given  below : 

**A  New  Center  of  Gold  ProduotioiL. 

"  It  is  not  improbable  that  ere  long  we  may  have  to  reckon  with  these  islands 
in  the  Far  East  as  factors  In  the  world's  gold  production.  That  the  precious 
metal  is  widely  distributed  in  the  archipelago  is  known  to  all  who  know  a  little 
more  of  it  than  its  name,  but  they  are  few  in  dumber.  Few  also  are  the  sources 
whence  information  can  be  drawn.  Not  five  books  in  the  English  language  are 
worth  consulting  about  them.  Crawford's  history  of  the  Indian  Archipelago, 
published  early  in  this  century,  is  still  the  student's  text-book.  Whatever  has 
been  published  since  then,  when  it  rises  above  the  level  of  a  mere  traveler's 
tale,  is  either  not  comprehensive  or  not  reliable.  The  work  of  Jagor,  the  Ger- 
man naturalist,  of  which  there  exists  a  fairly  good  English  translation,  is  rough 
and  fragmentary  and  not  rarely  wrong  in  its  generalizations.     *     *     » 

"  The  active  operations  of  the  Philippines  Mineral  Syndicate  are  at  present 
confined  to  a  district  in  the  eastern  part  of  Luzon,  where  the  following  forma- 
tions have  been  observed,  viz:  Groups  of  chlorltic  slates,  diabase  and  gabbro, 
Eocene  limestone,  and  recent  formations  with  marine  fossils. 

"Almost  everywhere  in  the  islands  are  the  results  of  volcanic  forces  in  evi- 
dence, although  the  numl}er  of  active  volcanoes  is  small.  The  volcanoes,  active 
and  extinct,  are  grouped  in  two  lines,  running,  approximately,  east  and  west. 
Earthquakes  are  not  infrequent,  and  the  buildings  are  designed  to  resist  them. 
The  more  violent  seismic  disturbances  appear  to  be  confined  to  certain  centers, 
among  which  the  neighborhood  of  Manila,  the  capital  of  the  Islands,  situate  in 
Luzon,  seems  to  be  prominent.  The  mining  concessions  of  the  Philippine  Min- 
eral Syndicate  (Limited),  of  I^ndon,  which  are  scattered  over  an  area  of  sev- 
eral hundred  square  miles  in  the  east  of  Luzon,  have  In  two  years  been  visited 
by  only  one  very  slight  shock,  which  passed  off  without  the  smallest  Incon- 
venience or  damage.  The  orography  of  the  group  Is  very  complicated.  In  a 
general  sense,  the  direction  of  the  chains  of  mountains  is  north  and  south,  with 
occasional  deflections  to  east  and  west.  The  highest  mountain  in  the  group  is 
Apo,  in  Mindanao,  with  over  9,000  feet,  whilst  Halcon,  In  Mindoro,  reaches 
nearly  8,900  feet,  and  Majon,  in  Luzon,  exceeds  8,200  feet.    ♦     »     * 

"After  this  slight  sketch  of  the  country.  Its  Institutions,  and  inhabitants,  a 
glimpse  may  now  be  taken  of  mining  matters.  *  »  »  Proceeding  in  the 
order  of  seniority,  also  In  that  of  widest  distribution,  gold  mining  will  take  the 
first  place. 

"  There  Is  no  doubt  that  mining  for  the  precious  metal  was  practiced  in  the 
islands  long  before  the  advent  of  the  Spaniards.  In  fact,  it  may  be  that  the 
alluvial  deposits  accessible  to  the  Chinese  and  Malay  traders,  who  had  inter- 
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course  with  the  Islands  long  before  they  were  known  to  Europeans,  have  been  to 
a  great  extent  worked  over  and  over  again.  The  tools  which  the  natives  use — a 
washing  board  and  a  wooden  bowl — are  of  great  antiquity,  and  form  a  promi- 
nent feature  in  the  household  utensils  of  all  native  villages  in  the  auriferous 
regions.  ♦  ♦  ♦  Bowlders  and  fragments  of  quartz  with  visible  gold  occur  In 
many  alluvial  deposits  in  the  islands,  and  it  is  not  likely  that  the  natives 
r^J^itt  is^^  ♦^•'•^wn  them  aside  without  endeavoring  to  extract  the  gold.  This 
chey  probably  did,  as  they  do  it  even  now,  by  pulverizing  the  quartz  by  liand 
and  washing  it  like  they  wash  the  auriferous  gravel  and  sand.  The  only 
improvement  on  this  rude  process  was  the  introduction  by  the  Spaniards  in 
some  districts  of  the  Mexican  *  arrastra,*  a  block  of  rock  moved  by  buffalo  power 
like  a  millstone  on  a  nether  block.  The  charge  of  an  *  arrastra  *  is  about  250 
pounds.  Float  gold  and  auriferous  pyrites  are  lost  in  the  process.  It  is  doubt- 
ful whether  to  this  day  the  natives  are  aware  of  the  auriferous  character  of  the 
pyrites,  which  almost  always  accompany  the  auriferous  quartz,  sometimes  in 
not  inconsiderable  proportions. 

"Thus  the  production  of  gold  by  washing  alluvial  deposits  and  pounded 
quartz  is  an  old-time  industry  in  the  Philippines,  followed  these  days  by  nearly 
all  in  the  auriferous  districts  in  a  desultory  way  when  the  sowing  is  done  or 
the  rice  harvest  gathered ;  when  the  overdue  capitation  tax,  or  an  approaching 
holiday,  with  its  cockfights,  makes  the  possession  of  a  few  dollars  in  cash  more 
than  usually  desirable.  Mr.  James  Hilton,  M.  E.,  who  visited  Luzon  in  1890- 
91,  and  Mr.  George  Simpson,  a  veteran  Ballarat  gold-mining  captain,  who  ar- 
rived there  in  1892,  give  in  their  reports  interesting  details  regarding  native 
mining  methods,  some  of  which  are  worth  mentioning.  Mr.  Hilton  says :  *  The 
occurrence  of  valuable  mineral  deposits  in  the  Philippine  Islands  is  well  known, 
and  it  might  be  supposed  that  the  colonists  would  endeavor  to  profit  by  the 
wealth  which  nature  has  placed  at  their  disposal,  the  more  so  as  the  mining 
laws  of  the  land  are  liberal,  the  taxes  the  reverse  of  onerous,  and  the  conditions 
generally  favorable.  Nevertheless,  as  a  matter  of  fact,  mining,  as  the  skillfully 
and  intelligently  conducted  industry  that  we  know  elsewhere,  does  not  exist  in 
the  Philippine  Islands.  *  *  •  i  was  taken  to  see  a  vein  of  gold  quartz,  but 
found  the  shaft  full  of  water,  and  ascertained  the  only  means  of  draining  it 
was  by  a  posse  of  17  natives,  who,  forming  a  chain,  handed  palm-leaf  buckets 
from  water  level  to  surface.  The  only  means  of  crushing  the  gold  quartz  was 
a  ponderous  stone  moved  by  buffaloes.  Amalgamation  Is  not  known.  The 
stuff  is  washed  in  wooden  bowls,  and  it  takes  at  least  400  of  them  to  deal  with 
a  ton.*  ♦  •  ♦  Describing  the  working  of  a  mine  at  Mambulao,  in  the  island 
of  Luzon,  Mr.  Simpson  observes:  *The  Indian  miners*  mode  of  operations  was 
based  on  sound  engineering  principles,  in  so  far  as  draining  is  concerned,  as 
shown  by  their  putting  In  the,  to  them,  very  costly  adit  from  the  creek  at  the 
foot  of  the  hills  on  which  the  mines  are  situated.  They  bailed  the  water  out 
with  small  buckets,  holding  from  2  to  2i  gallons  each,  and  by  literally  filling 
the  various  shafts  with  men,  who  passed  the  buckets  from  one  to  another,  they 
managed  without  either  powder  or  dynamite,  or  any  other  explosive,  to  realize 
some  thousands  of  ounces  of  gold.  This  is  the  barbarous  method  adopted. 
*  « '  «  *  «  *  « 

"  By  preference  the  native  miners  work  where  bailing  is  not  necessary,  but 
such  opportunities  are  not  frequent.  When  they  occur,  the  natives  make  the 
most  of  them.  Mr.  Carnegie  Williams,  the  able  general  manager  of  the  Phil- 
ippines Mineral  Syndicate,  reports  that  in  one  case  the  natives  have  removed 
an  entire  hillock  down  to  sea  level.  They  must  have  dealt  with  immense  quan- 
tities of  paying  quartz,  for  they  remove  nothing  that  does  not  pay  them.  This 
hillock,  to  judge  by  the  general  conformation  of  the  mountain  ridge  of  which 
it  formed  a  part,  must  have  been  at  least  400  feet  high  and  correspondingly 
broad.  Spaniards  and  Spanish  companies,  in  most  cases  with  absurdly  inade- 
quate capitals,  have  also  worked  in  the  district,  but  in  all  cases  without  pumps 
or  any  other  machinery  than  the  time-honored  *  arrastra.*  They  never  dealt 
with  pyritic  ores,  but  treated  the  quartz  only  for  Its  free  gold.  In  one  Instance 
at  least,  that  of  Mambulao,  their  workings  assumed  important  dimensions. 
Mambulao  means  in  Bicol  language  the  '  place  of  gold,*  and  certainly  the  pre- 
cious metal  Is  strongly  In  evidence  in  the  district.  Here  a  vast  adit,  opening 
near  the  sea  in  solid  masonry,  has  stood  the  neglect  of  decades,  and  may  proba- 
bly be  made  useful  again  by  the  present  proprietors  of  the  mines.  Record  has  It 
that  when  they  flourished  the  weekly  sales  of  gold  amounted  to  over  1,000 
ounces,  all  produced  in  the  primitive  way  of  washing  the  pounded  quartz. 
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"  *  ♦  *  The  most  serious  Impediment  to  mining  in  the  PWlippines  is  the 
utter  absence  of  practicable  roads.  The  natives  with  their  primitive  ways  of 
working  do  not  feel  the  want  of  roads.  They  trudge  contentedly  single  file, 
laden  with  their  simple  implements,  through  the  trackless  primeval  forests, 
cutting  their  way  patiently  through  endless  tangles  of  lianas  and  swaying  laby- 
rinttis  of  luxuriant  greenery  which  would  make  a  botanist's  heart  swell.  In 
many  parts  vehicles  of  any  kind  are  unknown ;  in  others,  their  only  represent- 
ative is  the  creaking  country  car,  drawn  by  a  pair  of  stolid  buffaloes. 

"The  engineers  of  the  Philippines  Mineral  Syndicate  were  driven  to  many 
odd  shifts  when  moving  heavy  machinery  from  the  port  to  the  syndicate's  chief 
establishment.  In  the  first  place,  a  road  had  to  be  made,  and,  though  It  is 
barely  3i  miles  long,  half  a  dozen  bridges  had  to  be  built,  roughly  yet  strongly 
enough  to  bear  the  weight  of  many  tons.  And  when  the  road  was  ready,  native 
carriers  asked  absurd  sums  for  the  conveyance  of  a  couple  of  boilers,  weighing 
4 J  and  3 J  tons,  respectively.  In  the  end  a  simple  sledge,  devised  by  British 
ingenuity,  did  the  job  for  a  small  fraction  of  the  sum  asked  by  the  na- 
tives.   ♦     ♦    * 

"  Thus  far  the  fringe  only  of  its  particular  district  lias  been  investigated  by 
the  Philippines  Mineral  Syndicate.  Also,  another  district,  hundreds  of  miles 
away  from  the  syndicate's  chief  establishment,  has  been  examined,  with  the 
result  of  finding  an  extensive  alluvial  gold  field  at  the  foot  of  the  mountains. 
There  also  the  natives  have  worked  in  their  usual  fashion,  riddling  in  places 
the  ground  like  a  sieve  with  their  pits.  It  is  well  known  that  the  natives  in 
the  mountains,  which  to  a  great  extent  are  unexplored,  all  traffic  in  gold,  and 
from  the  general  evidence  it  seems  probable  that  the  auriferous  formation, 
from  which  the  alluvial  deposits  were  stocked  by  the  process  of  erosion,  con- 
tinues throughout  the  backbone  of  the  island.  But  for  practical  purposes 
British  mining  enterprises  must  keep  near  the  coast  for  years  to  come,  until, 
in  the  progress  of  events,  more  distant  mines  can  be  reached  with  convenience. 

"  The  question  is  often  asked :  *  How  is  it  that  so  little  is  known  of  Philip- 
pine gold?'  The  answer  is  simple.  There  is  no  official  control  of  the  output, 
or  tax  on  it  The  miners  live  in  isolated  districts  and  villages,  with  rare  com- 
munication between  them.  And  the  universal  man  of  business  Is  the  omni- 
present Chinaman,  now  storekeeper  with  a  fixed  abode,  now  perambulating 
peddler,  who  penetrates  the  most  distant  settlements,  buys  the  gold  with  his 
wares,  and  sends  it  out  of  the  country,  over  to  Hongkong,  or  Amoy,  or  else- 
where. It  is  not  his  business  to  swagger  over  the  volume  of  his  trade ;  in  fact, 
he  keeps  it  dark.  Those  who  know  are  aware  that  the  gold  export  Is  consid- 
erable and  very  much  exceeds  the  official  computation,  whatever  that  may  be. 
*Paracale*  gold  is  well  known  in  Manila,  but  few  Manllese  know  where  Para- 
cale  is,  and  still  less  have  ever  visited  the  place.  Yet  it  is  a  prosperous  vil- 
lage, with  a  good  deal  of  trade  and  a  large  native  mining  population.  ♦  •  ♦ 
The  Paracale  gold  dust  Is  melted  into  tiny  ingots,  a  small  bivalve  serving  as 
mold,  so  that  the  gold  shows  the  shape  of  the  shell.  These  tiny  ingots  are 
tested  by  the  Chinese  purchaser,  the  traces  of  whose  probing  auger  are  always 
in  evidence  on  the  ingots. 

"  Gold  is  found  in  many  other  islands  of  the  group.  Sefior  Abel  la  found 
traces  of  alluvial  workings  in  Cebu.  Mindoro,  which  Is  but  little  known,  is 
said  to  be  rich  In  gold.  Panaon,  a  small  island  north  of  Mindanao,  has  at 
least  one  well-defined  vein  of  auriferous  quartz,  whilst  Mindanao  itself  is  the 
center  of  a  considerable  trade  in  alluvial  gold.  From  specimens  brought  from 
that  Island,  the  occurrence  of  rich  quartz  veins  can  not  be  a  matter  of  mere 
conjecture.  Mindanao,  though  the  first-discovered  island  of  the  group,  is  the 
least  known  and  the  least  settled  of  all.  Many  points,  especially  on  the  south 
coast,  are  still  held  by  Malay  sultans  and  rajahs,  who,  whilst  acknowledging 
the  suzerainty  of  Spain,  have  not  the  power  nor  the  inclination  to  keep  their 
lieges  from  their  traditional  piracies.  It  is  from  some  of  these  Malay  strong- 
holds that  the  prahus  of  the  Drang  Laut  (man  of  the  sea)  sally  forth  on 
plundering  cruises.  •  •  *  This  iniquitous  trade  has  been  stopi)ed  on  the 
coasts  of  Sumatra  and  Borneo,  and  It  will  soon  be  stopped  In  Mindanao,  where 
the  Spanish  Government  is  now  taking  drastic  repressive  measures. 

******* 

"Mining  by  modern  methods  will,  in  the  course  of  time,  make  curios  of 
native  mining  Implements,  at  least  wherever  the  engineer  can  take  his  machin- 
ery without  breaking  the  back  of  the  capitalist.  *  ♦  *  In  respect  of  mines 
by  the  seashore,  the  Philippines  are  unrivaled.  Even  now  a  narrow  peninsula 
jutting  out  into  the  broad  Pacific,  a  headland  of  white,  glittering  quartz.  Is 
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being  prepared  for  the  reception  of  a  crushing  plant  with  its  appurtenances, 
and  the  machinery  will  be  landed  almost  alongside  of  the  mill  site.  The  penin- 
sula is  a  vast  ore  deposit,  and,  if  experienced  men  are  not  utterly  mistaken,  it 
will  soon  take  a  front  place  among  notable  mines. 

"  Copper  is  found  in  many  parts  of  the  Philippines,  and  cupreous  pyrites  is 
not  unfrequently  met  with  accompanying  quartz  veins,  but  in  such  small  quan- 
tities as  to  exclude  all  commercial  value.  In  the  central  mountain  ranges  of 
Luzon,  however,  between  Cagayan  and  Ilocos,  considerable  deposits  of  copper 
ore  are  distributed  and  have  l)een  worked  by  a  tribe  of  natives,  called  Igorots, 
long  before  the  advent  of  the  Spaniards.  •  ♦  ♦  They  obtain  the  ore  in  ex- 
cavations, which  they  make  with  the  aid  of  wood  fires,  thus  softening  the  rocks. 
They  separate  the  ore  according  to  quality,  and  roast  the  poorer  repeatedly  be- 
fore smelting  it  Their  furnace  is  a  cylindrical  hole,  walled  with  clay,  about  12 
inches  deep  and  8  inches  in  diameter,  and  they  use  blowers  of  bamboo,  worked 
with  plungers,  to  produce  the  requisite  draft. 

"A  Spanish  company  was  established  to  work  these  deposits  on  a  large  scale. 
Furnaces  were  built,  machinery  was  put  up;  but  what  the  natives  could  ac- 
complish the  European  metallurgists  failed  to  do,  although  in  those  times  copper 
was  worth  over  £100  per  ton.  The  absence  of  roads  told,  and  the  enterprise 
eventually  collapsed. 

******* 

"A  very  peculiar  deposit  of  native  copper  occurs  in  the  neighborhood  of  one 
of  the  Philippine  Mineral  Syndicate's  concessions.  The  metal  is  found  in  the 
bed  of  gravel,  In  little  nuggets  of  a  globular  or  pear-shaped  form.  It  assays 
over  90  per  cent  of  copi)er,  with  a  not  inconsiderable  admixture  of  gold  and 
silver.  The  extent  of  the  deposit  and  its  commercial  value  have  not  been  deter- 
mined as  yet,  and  its  origin  is  rather  puzzling.  May  it  not  be  the  product  of 
a  natural  smelting  process,  for  which  the  proximity  of  eruptive  rocks  has  fur- 
nished the  thermal  conditions?  The  necessary  fluxes  were  close  at  hand,  and, 
supposing  acupreous  deposit  with  such  fluxes  near  an  eruption  of  lava  and  so 
tilted  as  to  allow  the  dropping  of  the  melted  coi)per  from  a  height,  these  globu- 
lar or  pear-shaped  nuggets  would  be  accounted  for. 

"  The  heat  supply  of  the  eruptive  rocks  may  also  account  for  the  *  red  lead  * 
mines,  which  Jagor  mentions.  Red  lead  (PbO)  is  obtained  by  heating  massi- 
cot, the  monoxide  of  lead  (PbiO)  to  a  temperature  of  600"  F.  Massicot  is  found 
in  the  district,  and  given  just  the  necessary  heat — no  more,  or  melting  would 
8iK)il  the  process — ^the  metamorphosis  of  monoxide  of  lead,  massicot,  into  the 
oxide,  minium  or  red  lead  would  be  the  result.  Lodes  charged  with  sulphite 
of  lead  galena  occur  on  two  or  three  of  the  syndicate's  concessions.  One  is  now 
in  process  of  examination,  and  promises  a  good  result,  for  the  galena  is  rich  in 
gold  and  silver.  If  it  be  found  worth  working,  the  ore  will  be  shipped  home  for 
treatment.  Veins  of  galena  with  a  good  i>ercentage  of  gold  and  silver  occur  in 
the  island  of  Cebu.  Some  years  ago  a  local  company  undertook  their  develojv 
ment,  with  the  usual  result — abandonment  for  want  of  funds. 

"  The  coal  which  up  to  present  times  has  been  found  in  the  Philippine 
Islands  is  not  true  coal,  but  lignite,  probably  of  the  Tertiary  period,  and  of  a 
variety  which  can  scarcely  be  distinguished  by  the  eye  from  true  coal.  There 
is  no  reason  why  true  coal  could  not  eventually  be  found,  for  it  is  found  and 
worked  in  Japan,  whose  geological  formation  has  much  in  common  with  that  of 
the  Philippines.  There  has  been  no  systematic  search  made  in  these  islands  for 
coal,  and  wherever  it  has  been  found  it  has  betrayed  its  presence  by  outcrops. 
Thus,  in  the  Island  of  Masbate  a  local  steamship  owner  drew  his  supplies  from 
a  bed  of  coal  which  is  so  tilted  as  to  have  the  appearance  of  a  vein.  He  sup- 
plied himself  as  long  as  his  native  laborers  could  get  the  coal  with  crowbars. 
Mr.  Hilton,  who  examined  this  bed  cursorily,  estimated  the  available  quantity  of 
coal  at  about  600,000  tons  in  that  particular  concession.  He  is,  however,  of 
opinion  that  very  much  larger  quantities  are  available  in  adjoining  concessions. 
These  mines  are  practically  untouched,  and  as  they  are  situated  within  a  few 
miles  of  the  coast  they  can  be  worked  at  a  profit  by  whomsoever  should  venture 
to  Introduce  the  necessary  capital.  Mr.  Hilton,  after  trying  it  in  a  local 
steamer,  gives  it  the  character  of  a  *  very  good  steam  coal.*  A  similar  quality 
of  lignite  has  recently  been  found  in  the  district  where  the  Philippines  Mineral 
Syndicate  Is  now  working,  and  it  will  soon  be  tried  for  the  production  of  steam. 

**  The  only  coal  deposits  which  have  been  to  a  certain  extent  developed  in  the 
Philippine  Archipelago,  and  of  which  a  scientific  and  reliable  record  exists  In 
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the  shape  of  a  report  by  the  chief  Inspector  of  mines,  Sefior  Enrique  Abella  y 
Casariego,  are  those  in  the  island  of  Cebu.  This  report  is  embodied  in  a  work 
entitled  'Rapida  Descripclon  Fiscica,  Geologica  y  Mlnera  de  la  Isla  de  Cebn 
(Archipelago  Filipino).*  •  ♦  ♦  The  coal  deposits  of  Cebu  were  first  ex- 
amined in  1855  by  the  government  mining  engineer,  Sefior  Hernandez,  who 
without  hesitation  described  the  coal  as  'lignita*  (lignite).  A  few  years  later, 
however,  another  government  engineer,  Sefior  Centeno,  declared  the  formation  in 
which  coal  occurs  to  belong  to  the  true  carboniferous  system,  and  proclaimed 
the  discovery  of  a  true  coal  field  of  large  dimensions,  the  eastern  rim  of  which 
croppd  out  In  the  island  of  Cebu,  while  its  western  rim  came  to  the  surface 
in  the  island  of  Negros.  Analysis  proved  Sefior  Centeno  to  l>e  in  the  wrong, 
for  the  contents,  or  carbon,  of  the  coal  of  Cebu  do  not  exceed  54  per  cent,  against 
the  minimum  of  75  per  cent,  which  true  coal  contains. 

**  Sefior  Abella  describes  the  Cebu  coal  as  Lignita  piciformes  (pitchy  lignite), 
very  black,  and  in  some  instances  resembling  cannel  coal.  In  carefully  con- 
ducted official  trials,  best  Cebu  coal  figured  as  follows  in  relation  to  good 
Australian  and  British  coal,  viz,  150  parts  Obu  equal  to  147  parts  Australian 
and  121  parts  British  coal. 

"  The  carboniferous  formation  extends  over  the  greater  part  of  the  Island  of 
Cebu.  From  Balamban  and  Sogod,  as  far  as  Malabuyuc  and  Bojoon,  a  distance  of 
over  50  miles,  there  is  scarcely  a  village  that  has  not  its  show  of  coal  outcrops. 
These  have  been  worked  on  many  points,  and  the  aggregate  amount  of  develop- 
ment is  not  Inconsiderable. 

"At  one  time  the  government  attached  so  much  importance  to  the  coal  de- 
posits in  Cebu  that  it  established  a  monopoly,  but  this  was  soon  abandoned  and 
the  industry  thrown  open  to  all  comers.  For  a  time  coal  mining  in  Cebu 
became  quite  a  rage;  any  number  of  concessions  were  taken  up,  and  several 
companies  established  for  their  development  In  one  or  two  cases  a  consider- 
able amount  of  capital  was  expended.  Although  faults  frequently  occur,  large 
quantities  of  workable  coal  were  found,  but  the  absence  of  roads  and  the  neces- 
sity of  investing  large  sums  in  railways  in  order  to  meet  the  competition  from 
England,  Australia,  and  Japan  soon  caused  a  reaction  and  put  a  stop  to  the 
industry.  The  present  annual  production  of  Cebu  does  not  meet  one-tenth  of  the 
demand  of  Manila,  where  the  annual  consumption  of  coal  exceeds  60,000  tons. 
*  ♦  *  In  the  mines  of  Ulung  5  beds  have  been  ascertained  to  occur,  measur- 
ing, respectively,  3  feet  8  Inches,  3  feet  8  inches,  3  feet  8  inches,  5  feet  8  inches, 
and  5  feet. 

"  No  systematic  search  for  banks  of  pearl  shells  has  been  made  within  the 
limits  of  the  archipelago,  but  from  indications  it  would  be  well  worth  while  to 
bestow  a  little  attention  to  that  branch  of  industry.  Beautiful  pearls  are  found 
in  the  neighboring  Sulu  archipelago,  and  pearls  of  very  fine  quality,  but  of 
unkno^^Ti  origin  are  sometimes  brought  to  Manila,  where  they  meet  with  eager 
purchasers." 


[Extract  from  Mineral  Resources  of  the  United  Staten,  1904.] 
THE  PHILIPPINE  MINEBAL  INDITSTBY  IN   1905. 

By  II.  D.  McCaskey,  F.  G.  S.  A., 
Chief  Minimj  Bureau,  Philippine  Islands. 

Introduction. 

The  outlook  for  a  profitable  mineral  industry  Is  more  hopeful  to-day  than 
it  has  been  at  any  time  since  the  American  occupation  of  the  Philippine 
Islands.  An  increasing  interest  is  being  shown  in  mineral  claims,  and  capital 
will  probably  be  more  readily  obtained  for  valuable  properties  or  prospects  in 
the  future  than  it  has  been  in  the  past.  It  is  believed  that  the  law  of  the 
survival  of  the  fittest  has  held  good  here,  as  elsewhere,  and  that  the  most 
promising  mining  claims  heard  of  to-day  are  many  of  them  worthy  of  serious 
consideration. 

Much  activity  in  prospecting  and  development  work  was  shown  in  several 
districts  in  1904.  Modem  machinery  has  begun  to  arrive  from  the  United 
States,  and  more  of  It  is  understood  to  be  ordered  and  expected  at  an  early 
date. 

Mining  development  is  now  being  carried  on  in  the  provinces  of  Lepanto- 
Bontoc,  Benguet,  Pangasinan,  Nueva  EiCiJa,  Bulacan,  Rlzal,  Batangas,  Tayabas, 
Gamarines,  Albay,  Masbate,  Cebu,  and  Mindanao,  and  prospecting  is  being 
done  in  almost  every  island  and  province  of  the  archipelago. 

Gold  and  Silver. 

LUZON. 

In  Suyoc,  just  south  of  Mancayan,  Lepanto,  some  important  prospects  are 
being  developed  by  American  miners  at  the  present  time.  Gold  and  copper  ores 
both  occur  here.  Analyses  by  the  bureau  of  government  laboratories  show  four 
samples  of  Mancayan  ores,  collected  by  Mr.  A.  J.  Eveland,  geologist,  mining 
bureau,  to  contain,  respectively,  13.9  per  cent,  16.5  per  cent,  9.7  per  cent,  and 
32.9  per  cent  in  copper,  and  $4.75,  $3.31,  $1.65,  and  $0.85  to  the  ton  In  gold.  The 
ores  are  "gray  copper"  ores,  chiefly  tetrahedrite,  tennantite,  enarglte,  and 
luzonite. 

The  Mancayan-Suyoc  area  was  studied  in  1904  by  a  field  party  from  the 
mining  bureau  consisting  of  Mr.  A.  J.  SSveland,  geologist  in  charge,  Messrs. 
Maurice  Goodman  and  H.  M.  Ickis,  field  assistants,  and  field  employees  engaged 
for  the  work.  The  report  of  Mr.  Eveland  has  been  completed  and  is  now  ready 
for  the  press.  This  report,  covering  the  work  of  a  geological  reconnoissauce, 
as  more  detailed  work  was  not  advisable  in  fhe  absence  of  topographic  base 
maps  and  extensive  development  work,  will  contain  maps,  photographs,  and 
analyses  of  rocks  and  ores  and  will  be  a  welcome  addition  to  the  literature  of 
the  economic  geology  of  the  Philippines. 

In  Benguet  some  Important  development  work  has  been  done,  particularly 
in  the  district  of  Antamok.  Here  lie  the  claims  of  Messrs.  Kelley,  Clark, 
Petersen,  Clyde,  Lehlbach,  and  others,  most  of  whom  have  been  at  work  on  them 
for  several  years.  Although  the  ore  bodies  have  not  yet  been  subjected  to  the 
detailed  investigation  they  deserve,  this  work  will  be  taken  up  immediately  by 
Mr.  A.  J.  Ehreland,  geologist,  mining  bureau,  who  has  just  completed  topographic 
mapping  and  other  preliminary  work  in  this  district.  The  ore  bodies  are 
apparently  very  extensive,  and  it  Is  known  that  much  of  the  ore  is  of  a  good 
grade,  varying  through  the  district  from  $5  to  $50  per  ton  in  gold,  the  most 
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Important  pay  streaks  now  worked  averaging  over  $12  per  ton.  Much  of  the 
ore  80  far  uncovered  is  free-milling.  Assays  by  the  bureau  of  government 
laboratories  recently  made  for  Mr.  Lehlbach,  for  example,  show  a  large  quantity 
of  ore  available  in  the  3-foot  pay  streak  of  his  "Middle  Reef"  to  average 
$41.68  to  the  ton.  This  is  an  oxidized  ore  in  a  quartz  gangue  as  far  as  un- 
covered, and  it  Is  understood  to  be  Mr.  Lehlbach*s  intention  to  treat  It  and  the 
ore  from  two  other  similar  veins  by  stamp  milling  and  cyanldatlon.  He  has 
announced  the  intention  of  his  company  to  order  Immediately  a  10-stamp 
mill  with  1,000-pound  stamps,  short  drop,  and  rapid  discharge,  and  a  100-ton 
cyanide  plant  complete.  According  to  Mr.  Lehlbach  the  vein  systems  of  this 
district  are  closely  related  and  are  above  water  level,  largely  of  free-milling 
ores.  Messrs.  Kelley,  Clark,  Petersen,  and  Clyde  have  done  sufficient  work 
upon  their  claims  to  prove  these  deposits  worthy  of  serious  consideration  and 
the  quantity  of  ore  to  be  large.  It  is  understood  that  Mr.  Kelley  expects  a  10- 
stamp  mill  with  a  cyanide  plant  to  arrive  from  the  United  States  within  a  few 
weeks,  and  Mr.  Clark  has  just  received  a  3-stamp  triple-discharge  Hendy  mill 
and  a  60-ton  cyanide  plant,  all  in  charge  of  Mr.  C.  M.  Eye,  mining  engineer. 
Messrs.  Petersen  and  Clyde  have  built  in  Manila  shops  a  3-stamp  mill  for  de- 
velopment purposes,  and  reports  from  Mr.  Eveland  indicate  that  they  have  had 
some  satisfactory  trial  runs,  cleaning  up  $10  to  the  ton  from  their  plates  on 
preliminary  runs. 

In  the  Bataan  district  the  Philippine  Gold  Mining,  Power,  and  Development 
Company  has  opened  a  number  of  drifts,  but  has  not  yet  succeeded  in  getting 
its  lO-stamp  mill  upon  the  ground  owing  to  transportation  difficulties  en  route. 
The  mill  frame  has  been  erected,  however,  and  considerable  work  upon  the 
claims  has  been  done. 

In  the  Bued  River  district  Messrs.  Hanson  and  Meade  have  uncovered  a  rich 
gold-copper  lead,  upcm  which  a  3-stamp  mill  will  be  erected  at  once.  This  mill 
is  now  being  built  in  Manila  shops  and  will  be  used  for  development  and  for 
trial  runs.  This  ore  Is  apparently  a  concentrating  and  shipping  ore,  and  as  the 
"  Copper  King "  claim,  upon  which  it  occurs,  is  near  the  Benguet  road  and 
enjoys  excellent  transportation  facilities,  it  Is  planned  that  trial  shipments  of 
concentrates  to  the  Tacoma  smelter  be  made.  In  this  connection  It  may  be 
stated  that  in  response  to  requests  made  by  this  bureau  for  Philippine  miners, 
the  Tacoma  smelter  offers  inviting  terms  to  ore  shippers  here  and  has  secured 
a  rate  from  the  Boston  Steamship  Company,  per  long  ton,  free  on  board,  Manila 
Bay,  and  delivered  on  smelter  wharf  at  Tacoma,  of  $5  per  ton. 

In  this  district,  also,  Mr.  Eveland  reports  that  the  ore  outcrops  on  Mr.  Peter- 
sen's **  Grey  Horse  "  claim  are  of  lead,  Iron,  copper,  and  zinc  sulphides,  carrying 
$20  to  the  ton  in  gold. 

The  3-stamp  mill  that  Mr.  Hartwell  built  in  Manila  and  operated  at  a  profit 
on  his  "Hope"  claim  in  Benguet  has  temporarily  closed  down  owing  to  the 
death  during  the  year  of  the  man  who  made  it  a  success.  Mr.  Hartwell  was  a 
miner  of  the  host  type,  conservative,  competent,  and  combining  within  himsdf 
the  sturdy  qualities  of  the  pioneer  with  the  intrinsic  worth  of  highest  American 
citizenship.  His  loss  Is  not  only  a  loss  to  the  mining  industry  here,  but  to  the 
large  number  of  stanch  friends  he  so  readily  made  and  kept  Mr.  Hartwell  was 
Kipling's  "Explorer"  personified,  and  whatever  tribute  may  be  found  within 
those  noble  lines  he  richly  deserves.  He  blazed  the  trail,  explored  the  hills, 
found  the  gold,  built  the  first  American  stamp  mill  in  the  Philippines,  trans- 
ported it  to  Benguet,  worked  his  mine  and  mill,  and  made  them  pay — all  this 
against  constant  obstacles  that  would  mean  failure  to  a  man  of  less  energy  and 
grit  His  reward  was  his  successful  struggle  with  difficulties  that  none  but  his 
kind  can  understand.  His  monument  will  be  the  gold-milling  industry  in 
Benguet. 

In  Pangaslnan,  in  the  foothills  of  the  northern  Zambales  range,  near  Salasa, 
a  number  of  claims  have  been  recorded  and  worked.  The  ores  here  are  copper 
carbonates  and  sulphides,  assays  of  three  samples  from  the  claims  of  Mr. 
William  H.  Miller,  who  Is  the  pioneer  in  this  field,  giving,  respectively,  19.9  per 
cent,  11  per  cent,  and  18  per  cent  in  copper,  13.2  ounces,  0  ounce,  and  2  ounces  in 
silver,  and  $2.76,  $1.60,  and  $3.80  In  gold.  These  claims  are  favorably  situated 
with  respect  to  transportation  by  water  and  by  rail,  and  If  development  proves 
the  deposits  extensive  the  prospects  should  seem  good  for  profitable  working. 

In  Nueva  Eclja,  near  Gapan,  and  Pefiaranda,  on  the  Rio  Chlco  and  elsewhere, 
extensive  deposits  of  placer  gold  have  been  known  for  many  years.  No  veins 
are  yet  reported,  but  prospecting  In  the  placer  ground  is  being  actively  prose- 
cuted at  the  present  time. 
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In  the  Camarines  Province  the  Spanish  concessions  upon  the  extensive  gold 
deposits  in  the  districts  of  Paracale  and  Mambulao  have  been  largely  relocated 
by  American  mining  men  under  the  present  laws  and  without  friction  with  the 
former  concessionaries,  and  some  work  has  been  done  in  the  reopening  of  aban- 
doned shafts  and  in  preparation  for  future  systematic  development.  The  im- 
portant ore  bodies  of  this  district  are  reported  to  be  contact  deposits  between 
crystalline  schists  and  diorite,  and  to  be  well  defined  so  far  as  uncovered.  It 
is  fully  believed  that  these  deposits  are  worthy  of  the  attention  of  competent 
mining  engineers,  retained  by  sufQcient  capital  to  work  these  mines;  but,  in 
the  meantime,  a  preliminary  step  will  be  taken  by  the  mining  bureau  this  year 
in  a  careful  study  of  this  field,  by  the  detail  of  Mr.  Eveland,  geologist,  to  the 
work  of  a  reconnaissance  and  the  preparation  of  a  general  report  upon  the  ore 
bodies  themselves,  and  possibly  by  the  further  detail  of  Mr.  Maurice  Goodman, 
field  assistant,  to  a  careful  survey  of  the  placer  fields  of  the  Paracale  and 
Malaqui  rivers.  Assays  of  ore  samples  from  this  district  have  varied  within 
wide  limits,  many  of  them  being  extremely  rich.  The  ores  are  sulphides  of 
Iron,  copper,  lead,  and  zinc,  in  part  complex  smelting  ores,  and  in  part  suitable 
for  milling  and  cyanldation  or  chlorination.  The  placers  have  yielded  impor- 
tant amounts  of  gold  in  the  past,  some  of  the  nuggets  being  unusually  large. 
Although  it  may  be  somewhat  doubtful  whether  sufficiait  rich  placer  ground 
remains  for  panning  or  sluicing  methods,  recent  samples  of  gravel  from  the 
river  beds  indicate  that  dredger  working  here  would  pay.  The  average  of  19 
samples  of  gravel  recently  taken  by  Mr.  Robert  Lienau  from  the  Malaqui  River 
and  examined  by  Mr.  H.  M.  Ickis,  field  assistant,  shows  a  value  of  16  cents  to 
the  cubic  yard.  It  is  anticipated  that  notwithstanding  mistakes  that  may  have 
been  made  in  the  development  of  the  presumably  rich  ore  deposits  of  this  dis- 
trict in  the  past,  the  gold  ores  of  Paracale  and  Mambulao,  together  with  the 
placer  fields,  are  most  decidedly  to  be  reckoned  with  in  future  work. 


In  Masbate,  in  the  northern  part  of  the  island,  near  the  town  of  Aroroy,  more 
or  less  work  has  been  done  upon  sixty  or  more  claims,  principally  of  free-milling 
gold  ores  in  quartz,  and  upon  twenty  or  more  gold  placer  claims  on  the  Lanan 
and  Guinabalan  rivers.  Manganese  and  iron  ores  of  high  grade  have  also  been 
found  here,  but  little  attention  has  been  given  them  up  to  the  present  time. 
Upon  claims  of  the  Eastern  Mining  CJompany  Mr.  A.  Heise  has  Just  erected  a 
5-stamp  mill,  purchased  from  the  Union  Iron  Works  of  San  Francisco,  to  handle 
the  free-milling  ores,  and  upon  the  trial  run  of  this  mill  the  clean-up  from  the 
plates  showed  $11  to  the  ton  of  ore.  Upon  the  placer  ground  of  the  Philippine 
Mining  Company  on  the  Lanan  River,  a  Risdon  dredge  has  Just  been  completed 
and  launched.  This  dredge,  which  represents  modem  and  thorough  workman- 
ship in  every  detail,  will  handle  1,000  cubic  yards  of  gravel  per  diem,  the  gravel 
running,  according  to  the  estimates  of  Mr.  Fred  L.  H.  Kimball,  consulting 
and  managing  mining  engineer  in  charge,  25  cents  and  over  to  the  yard.  As 
the  dredge  should  work  for  a  total  cost  of  less  than  9  cents  a  yard,  a  good  profit 
would  seem  to  be  in  sight.  Upon  the  placer  claims  of  the  Masbate  and  Oriental 
Mining  Company,  on  the  Guinabatan  River,  a  similar  Risdon  dredge,  just 
arrived  in  Manila  Bay,  In  charge  of  Mr.  H.  J.  Robinson,  will  be  immediately 
Installed.  The  Aroroy  mining  district  of  Masbate  has  been  in  most  energetic 
and  progressive  hands,   but  has  attracted  less  attention  thus  far  than   it 

Copper. 

LUZON. 

In  Lepanto,  in  the  copper  district  of  Mancayan,  about  forty  claims,  including 
the  Santa  Barbara  and  the  Sin  Nombre  pertenencias  of  the  Spanish  regime,  all 
now  located  under  the  present  mining  laws,  have  been  secured  as  an  option 
by  agents  of  a  New  York  syndicate,  and  an  expert  is  understood  to  be  expected 
from  New  York  to  examine  these  properties  in  October  of  the  current  year. 
The  old  Spanish  workings  have  uncovered  large  bodies  of  high-grade  copper 
ore  on  the  Santa  Barbara  and  the  Sin  Nombre  claims,  and  !t  Is  anticipated  that 
much  systematic  exploration  work  will  be  done  upon  the  adjoining  properties 
upon  the  arrival  of  the  syndicate  engineer. 

In  Batangas  Province  work  has  been  done  in  the  Loboo  Mountains  upon  a 
group  of  claims  containing  copper  carbonate  ores,  two  surface  samples  of  which 
have  assayed,  respectively,  2.71  per  cent  and  17.1  per  cent  in  copper,  with  a 
trace  of  gold  in  each. 
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Platinum. 

Lr7X)N. 

In  Rlzal  Province  placer  washing  for  gold  has  been  carried  on  by  the  natives 
for  many  years,  and  this  has  led  American  prospectors  to  the  search  for  the 
origin  of  the  gold  in  the  hills.  No  important  discoveries  have  as  yet  been  made, 
however,  other  than  the  discovery  of  platinnm,  identified  in  small  quantity  by 
this  bureau  in  placer  sands  from  Rizal  during  the  past  year. 

Iron  Ores. 


In  Bulacan,  In  the  mountains  east  of  the  towns  of  San  Miguel  de  Mayumo 
and  Angat,  important  deposits  of  rich  hematite  and  magnetite  iron  ores  have 
been  known  and  worked  by  natives  in  a  small  way  for  over  a  century.  Analyses 
of  these  ores  have  shown  many  of  them  to  be  very  pure,  and  some  of  them  fully 
up  to  Bessemer  grade.  Samples  of  the  ores  have  been  sent  by  the  mining 
bureau  to  the  steel  works  of  Lewis  and  Hazlett,  of  Wheeling,  W.  Va.,  for 
analysis  and  report,  and  correspondence  Is  now  in  progress  with  Iron  works  of 
Japan  looking  to  the  profitable  shipment  of  these  ores.  Analyses  made  by  the 
bureau  of  government  laboratories  for  the  mining  bureau  and  published  in 
bulletin  No.  3  of  this  bureau,  **A  Geological  Reconnoissance  of  the  Iron  Region 
of  Angat,  Bulacan,"  gave  the  following  results: 

AnnJvRpn  af  iron  ores  from  Angat,  Bulacan,  Philippine  Islands. 
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The  natives  of  Bulacan  have  worked  these  Iron  ores  In  the  open  entirely  and 
have  smelted  them  In  their  small  clay  furnaces  with  charcoal  as  fuel.  No 
flux  has  ever  been  used,  although  vast  quantities  of  limestone  are  at  hand. 
Excellent  gray  Iron  castings  have  been  made  for  plow  points  and  shares,  and 
certainly  the  usefulness  and  economy  of  these  deposits  are  capable  of  far  greater 
application  and  profit  than  they  receive  at  the  present  time.  In  Rlzal  Prov- 
ince, also  In  the  vicinity  of  Bosoboso,  there  are  coal  and  iron  deposits  which 
deserve  more  attention  than  they  have  yet  had. 

Coal. 

LUZON. 


In  Albay  Province,  in  Batan  Island,  Lieut.  H.  L.  Wlgmore,  Corps  of  Enghieers, 
United  States  Army,  assisted  by  a  detail  of  men,  has  been  prosecuting  a 
thorough  examination  of  the  coal  deposits  for  the  military  government  by  means 
of  the  diamond  drill.  Mr.  W.  D.  Smith,  geologist,  mining  bureau,  has  been  de- 
tailed to  work  out  the  economic  geology  of  this  area  as  his  first  work  on  the 
Philippine  coal  measures,  and  has  been  in  the  field  for  the  last  three  months. 
This  coal  is  of  excellent  reputation  and  suitable  for  steamer  use. 
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OEBU* 

In  Cebu  but  little  more  than  prospecting  has  been  done  during  the  American 
regime.  There  are  important  deposits  of  steaming  coal  in  this  Island,  and  two 
known  deposits  of  lead  ores.  An  analysis  of  coal  from  the  promising  coal  meas- 
ures of  Carm^,  containing  four  seams,  reported  to  be  14  feet,  13  feet,  9  feet, 
and  17  feet  thick,  respectively,  will  give  an  idea  of  the  purity  of  the  best  Cebu 
coals: 

Analysis  of  coal  from  Carmen,  Cebu, 
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These  coals  are  l)etter  than  many  American  lignites  mined,  sold  at  a  profit, 
and  used  with  success  upon  railway  and  steamship  lines  in  the  United  States, 
and  they  have  been  proved  by  practical  tests  in  steamships  In  Philippine  waters 
to  do  very  well.  Furthermore,  they  should  be  put  on  the  Manila  market  for 
about  $3.25  per  ton  and  on  the  market  at  Cebu  for  $2.50  per  ton,  as  against 
Japanese  coal  at  approximately  $5  and  Australian  coal  at  $6  per  ton. 

Petroleum. 

LUZON. 

In  Tayabas  Province  a  large  number  of  coal  and  petroleum  claims  have  been 
recorded  during  1004,  although  it  is  not  known  that  extensive  development  work 
has  been  done  upon  them.  The  Tayabas  petroleum  field  lies  in  the  eastern  side 
of  the  peninsula,  on  the  Ragay  Gulf.  It  has  been  reported  that  analyses  of  the 
petroleum  have  shown  it  to  be  of  superior  quality.  No  wells  have  yet  been 
driven  to  prospect  this  field  thoroughly,  so  far  as  known. 

Limestone. 

LUZON. 

At  Binangonan  occurs  a  limestone  fossiliferous  in  part  (the  nummulitic  lime- 
stone of  Baron  von  Richthofen),  which  has  recently  been  examined  with  refer- 
ence to  its  use  in  the  manufacture  of  Portland  cement.  An  analysis  of  a  sample 
of  this  limestone  collected  by  Mr.  H.  M.  Ickis,  field  assistant,  mining  bureau,  by 
the  bureau  of  government  laboratories  for  this  bureau,  gave  the  following 
results : 

Analysis  of  Binangonan  limestone,  Philippine  Islands. 
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This  is  at  once  seen  to  be  excellent  mftterial  for  the  purpose  of  making  ce- 
ment, and  there  Is  available  clay  in  the  vicinity  and  good  water  transportation 
to  Manila.  Capitalists  are  now  giving  this  proposition  careful  consideration 
wtth  a  view  to  erecting  a  modem  rotary-kiln  plant,  to  cost  not  less  than 
$225,000.  There  has  been  and  will  be  a  large  demand  for  cement  In  the  Philip- 
pines, and  with  the  vast  quantities  of  limestone  and  clay  known  to  occur  in 
these  islands  it  would  seem  unfortunate  if  cement  can  not  be  made  here  at  a 
profit  and  of  standard  grade.. 

Mlsoellaneous. 

In  Mindanao  some  development  work  has  been  done  by  a  little  group  of 
American  miners  at  Placer,  in  Surigao  Province,  but  no  late  reports  from  this 
district  are  at  hand.  Some  prospecting  has  also  been  done  in  Mindanao,  and  it 
is  known  that  there  is  coal  at  Bislig  and  Sibuguey,  and  placer  gold  on  the 
Agusan  River  and  at  Pigtao,  near  Misamis.  This  vast  island  is  geol(^cally  yet 
unexplored. 

Recent  reliable  reports  are  to  the  effect  that  asbestos  has  been  found  In 
quantity  in  I  locos  Norte ;  that  metallic  mercury  has  been  found  in  Mindoro  on 
the  east  coast;  the  manganese  deposits  are  cut  by  the  Capas-O'Etonnel  road, 
and  that  large  deposits  of  stream  tin  occur  in  Negros.  Negotiations  are  now 
in  progress  for  the  establishment  of  a  modem  rotary-kiln  cement  plant,  to  cost 
$250,000,  on  the  island  of  Romblon,  where  limestone  and  marbles  have  been 
known  for  many  years.  During  the  past  year  also  there  has  been  constant 
activity  in  brick  and  pottery  manufacture  from  Philippine  clays,  in  the  manu- 
facture of  mineral  paints  from  Philippine  earths,  and  in  the  quarrying  of  large 
quantities  of  rock  for  road  material  and  for  building  construction  work. 

On  the  whole  the  mineral  industry  of  the  Philippines  may  be  seen  to  have 
grown.  What  its  future  may  hold  can  not  be  safely  prophesied  now,  but 
with  the  islands  at  peace  and  under  a  safe  and  stable  government,  with  no  labor 
problem  that  can  not  be  overcome,  with  increased  transportation  facilities  In 
sight,  with  more  confidence  on  the  part  of  capital  and  a  better  showing  on  the 
part  of  prospecting  and  development  work,  a  conservative  estimate  would  Indi- 
cate a  bright  outlook  for  the  coming  year  of  1906.  It  Is  hoped  and  believed  that 
the  sturdy  pioneers  who  have  blazed  the  trail  through  many  a  heart-breakhig  day 
In  fever  swamp,  Jungle,  and  forest,  through  years  of  peril  and  privation,  the  full 
tale  of  which  will  never  be  told,  will  yet  come  into  their  own,  and  that  through 
them  the  mineral  industry  of  the  Philippines  will  prove  an  Important  factor  In 
the  development  of  prosperity  and  progress  under  American  rule. 


[Prom  the  Far  Eastern  Review,  June,  1907. — Illustrated  Philippine  mining  edition.] 
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Some  one  has  defined  a  mine  as  a  hole  in  the  ground,  and  the  owner  of  the 
hole  a  distinguished  member  of  the  order  of  Ananias.  The  Inference  is  that 
the  owner  of  a  mineral  deposit  will  not  cast  any  reflections  on  his  property  and 
is  very  prone  to  indulge  in  exaggeration  when  the  merits  of  that  same  is  being 
discussed.  In  this  edition  of  the  Far  Eastern  Review  every  efiCort  has  been 
made  to  secure  only  the  most  reliable  data  without  the  slightest  deference  to 
the  wishes  of  exploiters  of  the  mineral  wealth  of  the  islands,  so  that  it  may 
be  said  that  no  more  desirable  publication  dealing  with  the  subject  has  ever 
been  given  the  public. 

A  review  of  the  situation  at  the  present  time  indicates  that  in  at  least  one 
district  gold  has  been  taken  out  in  paying  quantities,  giving  most  satisfactory 
returns  for  the  capital  invested.  The  development  In  this  district  has  been 
slow  but  sure,  and  every  step  taken  carefully  considered.  For  instance,  the 
Benguet  Consolidated  mines  are  increasing  their  output,  and  under  such  favor- 
able conditions  that  the  shareholders  of  the  company  are  satisfied  that  no  out- 
side capital  is  needed.  Under  similar  conditions,  property  in  the  immediate 
vicinity  of  the  Consolidated  is  being  developed  with  local  capital.  While  there 
has  been  insufficient  time  to  expect  returns,  all  signs  shall  fail  if  the  Bua 
company  does  not  meet  with  equal  success.  It  must  be  remembered  that  there 
is  no  bonanza  in  Benguet,  and  those  interested  have  proceeded  with  their  work 
in  fear  and  trembling  until  they  were  satisfied  after  years  of  effort  that  there 
was  ore  in  sufficient  quantities  to  warrant  the  Installation  of  a  plant.  Their 
conservatism  has  been  substantially  rewarded,  and  It  Is  worthy  of  remark  that 
In  all  the  successful  development  In  Benguet  Province  only  local  capital  Is 
interested.  In  view  of  the  stringency  of  the  money  market  in  the  Philippines 
this  may  be  taken  as  an  Indication  of  the  confidence  of  local  capitalists  In  the 
development  of  the  mineral  Industry. 

In  Masbate,  where  Indications  are  most  favorable,  the  gold  deposits  have  not 
been  so  successfully  developed  as  In  Benguet.  This  Is  due  to  lack  of  capital  In 
some  Instances  and  poor  business  management  In  others.  True,  the  district  is 
young  and  has  not  as  yet  been  given  sufficient  time  to  uncover  the  hidden  wealth. 
In  justice  to  the  enterprising  miners  who  have  Invested  their  all  and  devoted 
several  years  of  their  lives  to  research  and  development  work.  It  Is  too  early 
to  r«ider  a  verdict  Sufficient  evidences  of  rich  deposits  have  been  found  to 
warrant  the  expenditure  of  sufficient  money  to  Investigate  the  extent  and  quan- 
tity of  ore  available.  Unfortunately  the  scarcity  of  local  capital  has  been  the 
greatest  drawback  to  the  proper  development  of  the  different  properties.  The 
older  district  of  Benguet  had  the  advantage  of  attracting  the  limited  amount 
available  and  Masbate  was  forced  to  look  elsewhere,  and  we  are  given  to  under- 
stand that  one  of  these  companies  has  met  with  success  In  New  York.  With 
sufficient  capital  and  wise  direction  there  Is  every  Indication  that  Masbate  will 
prove  one  of  the  most  Important  gold-mining  centers  In  the  Philippines. 

The  development  of  the  deposits  of  coal  throughout  the  islands  is  interesting 
American  capital,  but  the  work  has  not  yet  progressed  to  a  stage  where  any 
verdict  may  be  rendered.  The  work  is  being  watched  with  Interest,  and  experl- 
m^its  are  being  made  with  a  view  to  utilizing  the  coal  by  the  use  of  gas- 
produdng  engines. 

From  a  careful  review  of  the  different  mineral  deposits  sufficient  evidence  of 
their  commercial  value  appears  to  have  been  secured  to  warrant  the  expendi- 
ture of  sufficient  capital  to  complete  investigations  In  the  different  zones.  Phll- 
ipi^e  capital  alone  can  not  undertake  this  task  at  this  time,  and  It  is  our 
opinion  that  foreign  or  American  capital  could  not  be  expended  in  any  mining 
rcfion  with  bett^  prospect  of  favorable  returns. 
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[From  The  Far  Bastem  Review,  June,  1907 — Illastrated  Philippine  Mining  Edition.] 

OOUCSBCIAL  ASPECTS  OF  XINIirG  DT  THE  PHILIPPIHS  I8LAVDS. 

By  the  Hon.  W.  Gamebon  Fobbbs, 
Secretary  of  Commerce  and  PoUoe. 

There  is  little  doubt  ihat  the  mining  industry  of  the  Philippine  Islands  is 
destined  to  become  a  very  important  feature  of  their  commercial  development. 
At  the  present  time  the  most  tentative  beginnings  only  have  been  made,  and 
there  is  not  an  instance  on  record  where  the  industry  has  been  developed  to  a 
point  where  it  can  be  dignified  by  classification  among  the  important  industries 
of  the  Philippine  Islands.  The  indications  are,  however,  that  such  begin- 
nings as  liave  been  made  will  lead  to  important  further  development. 

The  gold  mines  of  Benguet  Province  have  begun  to  yield  profits  to  the 
owners.  All  the  other  miners  are  patiently  putting  their  money  into  the 
ground,  making  additional  developments  and  prospects,  and  the  results  are 
reported  to  be  such  that  the  realization  period,  when  the  gold  will  begin  to 
come  out  in  comparatively  large  quantities,  is  apparently  not  far  away.  This 
should  twid  toward  a  very  rapid  development  of  Benguet  Province. 

The  Masbate  gold  propositions  are  still  In  the  development  stage,  but  the 
owners  of  the  properties  there  are  confident  tliat  they  also  have  something 
that  will  turn  out  very  profitable. 

In  Lepanto-Bontoc  the  Igorots  have,  for  many  generations,  been  extracting 
copper  from  the  ground,  and  the  Indications  are  that  copper  mines  there  should 
be  profitable  If  worked  on  a  large  scale. 

Gold  and  copper,  however,  are  not  the  only  minerals  found  In  the  archipelago. 
There  are  other  classes  of  mines  which  are  just  as  profitable  and  as  Important ; 
manganese  has  been  found  In  one  province;  there  are  Indications  of  oil  In 
several  sections ;  and  the  coal  Industry  Is  one,  the  need  of  development  of  which 
Is  paramount  in  the  Philippine  Islands. 

There  are  coal  veins  of  importance  to  be  found  in  many  of  the  islands, 
notably  In  Cebu,  where  a  company  Is  busily  at  work  at  the  present  time  devel- 
oping. The  reports  of  operations  on  this  property  Indicate  that  satisfactory 
progress  Is  being  made.  The  military  authorities  are  developing  coal  mines  on 
Batan  Island  In  the  province  of  Albay,  and  coal  has  been  found  on  Pollllo 
Island.  There  Is  also  coal  on  Luzon  Island  proper,  and  various  other  parts 
of  the  archipelago. 

I  do  not  attach  as  much  Importance  to  the  necessity  of  coal  for  manufac- 
turing purposes  as  I  do  to  Its  importance  to  commerce  from  the  view  point  of 
shipping.  I  believe  that  water  power  can  be  developed  In  sufficient  quantities, 
and  within  reasonable  limits  of  expense,  to  care  for  the  manufacturing  neces- 
sities of  the  islands  and  possibly  for  the  land  transportation.  The  Agno  River 
of  the  Island  of  Luzon,  the  Agus  River  of  the  island  of  Mindanao,  and  several 
others  of  which  perhaps  surveys  have  not  yet  been  made,  are  capable  of  sup- 
plying ample  power  for  all  the  needs  of  the  country  within  the  radius  of 
their  sites  for  a  great  many  years  to  come.  Not  one,  however,  of  these  water 
powers  has  been  developed,  and  the  manufacturing  business  of  the  Islands  is 
now  being  carried  on  by  means  of  coal  from  Australia  and  Japan,  and  the 
ships  plying  In  and  about  the  Philippine  Islands  do  so  from  motive  power 
Induced  by  foreign  coal. 

It  is  difficult  to  make  the  harbor  of  Manila  an  attractive  one  for  seagoing 
vessels  to  visit  The  seaport  of  Hongkong  so  near,  where  labor  is  so  cheap,  is 
our  greatest  handicap.  To  be  sure,  we  now  have  the  harbor  protected.  In  a 
short  time  we  will  have  wharves  built  so  that  ships  will  be  saved  the  expense 
and  delay  Incident  to  lightering ;  but  we  have  no  satisfactory  shipbuilding  and 
repairing  plant  Our  laws  are  such,  particularly  In  resj^ect  to  tariff  on  im- 
ports, that  seagoing  vessels  find  it  more  advantageous  to  have  their  repair 
work  done  In  Hongkong.  It  Is  difficult  to  say  wherein  the  port  of  Manila 
could  be  made  In  any  one  point  more  desirable  for  the  calling  of  vessels — 
compared  with  neighboring  ports  such  as  Shanghai,  Hongkong,  and  Singapore — 
than  in  the  one  item  of  coal. 

If  coal  can  be  found  here  in  large  quantities,  and  of  suitable  quality,  and 
If  It  can  be  delivered  In  Manila  at  a  lower  price  for  the  same  unit  of  efficiency 
than  it  can  be  obtained  at  any  of  the  other  ports,  we  will  have  a  thing  which 
has  been  lacking  In  the  past;  one  definite  point  wherein  we  can  say  to  the 
shipping  world, ''  In  this  we  excel  any  of  our  neighbors." 
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To  accomplish  this  it  will  be  necessary  to  mine  coal  on  a  large  scale  and  by 
improved  methods,  and  to  have  improved  transportation  facilities  and  handling 
devices  for  putting  coal  aboard  ship. 

There  would,  of  course,  be  the  natural  advantage  that  all  the  money  now 
spent  by  the  United  States  Army,  by  the  civil  government,  by  the  merchant 
marine,  and  by  the  manufacturing  plants  in  the  Philippine  Islands  for  coal 
for  use  in  the  shipping  and  manufacturing  business  would  l>e  expended  in  the 
Philippine  Islands  and  not  sent  to  develop  the  resources  of  Japan  and  Aus- 
tralia. The  early  commercial  development  of  at  least  one  of  the  big  coal 
mines  of  this  region  is,  therefore,  of  the  greatest  urgency,  and  it  should  be  the 
duty  of  all  of  us  in  the  Philippine  Islands  to  endeavor  to  interest  the  necessary 
capital  to  accomplish  such  a  result 

The  director  of  navigation  has  recwitly  been  instructed  by  the  secretary 
of  commerce  and  police,  with  the  approval  of  the  governor-general,  to  so 
arrange  the  grates  on  some  of  his  vessels  as  to  give  tests  of  Philippine  coal, 
and  ascertain  the  actual  cash  results  therefrom,  whenever  and  wherever  it  can 
be  obtained. 

The  development  of  the  mining  industry,  besides  its  advantage  in  increasing 
the  trade  of  the  merchants,  both  those  who  import  mining  machinery  and  tools 
and  the  purveyors  for  general  use,  gives  a  large  advantage  which  no  other 
industry  presents,  in  that  the  romance  attached  to  mining  attracts  a  large 
population  which  would  not  otherwise  be  brought  to  the  Philippine  Islands. 
A  movement  such  as  came  to  California,  to  Alaska,  to  Colorado,  and  other  parts 
of  the  United  States  would  bring  in  a  set  of  industrious,  hardy,  and  progressive 
men  who  would  form  a  unique  society  and  aid  in  the  development  of  land  in 
parts  which  up  to  the  time  of  their  entrance  had  been  almost  inaccessible. 

Not  the  least  of  the  benefits  derived  from  the  development  of  mines  is  the 
development  of  transportation.  One  is  reminded'  of  the  parable  of  a  man 
who  told  his  sons  that  gold  had  been  hidden  in  a  certain  field,  and  that  if  they 
would  dig  sufficiently  into  that  field  they  would  discover  it  The  sons  forth- 
with took  their  hoes  and  shovels  and  dug  the  field  across  from  end  to  end  and 
from  side  to  side ;  but  though  they  found  no  gold  therein  their  crops  increased 
fourfold  and  the  gold  came  as  the  result.  Thus,  a  road  into  the  mining  region, 
while  it  might  not  bring  out  metal,  would  probably  bring  out  many  times  its 
value  in  wood,  agricultural  products,  and  other  things. 

In  this  way  the  development  of  the  successful  mine  will  mean  the  develop- 
ment of  the  successful  railroad,  which  will  infuse  life  into  the  region  it  pene- 
trates as  the  heart  pumps  blood  through  the  arteries,  giving  life  and  health 

tO] 


[From  the  Far  Eastern  Reyiew,  Jtme,  1007.     Illastrated  Philippine  mining  edition.] 

(Advance  notes  from  the  Annual  Bulletin' of  the  Division  of  Mines  at  the  end  of  the 

calendar  year.) 

THE  aSOLOGY  AHD  lOHE&AL  BE80UECES  OF  THE  PHUIPPDrE  ISLAVB8. 

By  Wabben  D.  Smith,  Acting  Chief,  Division  of  Mines; 
Maubice  Goodman,  Mining  Engineer^ 

Introduction. 

In  the  history  of  any  country  Its  wealth  has  depended  upon  three  factors: 
First,  its  ajn*lculture;  second,  its  minerals;  and  third,  its  transportation  facilities. 
The  first  is  more  immediately  connected  with  our  existence,  the  second  makes 
possible  the  greater  development  and  distribution  of  the  first,  and  the  third  is 
vital  to  both.  If  we  look  at  the  history  of  the  great  State  of  California  we  see 
two  great  epochs  clearly  defined.  Long  before  her  rich  valleys  and  fertile  hill- 
sides yielded  up  their  wheat  and  honey  and  fruit  her  streams  were  being  panned 
for  the  precious  metal  and  her  mountain  sides  tunneled.  After  the  first  great 
wave  of  prospectors  and  miners  beating  against  the  Sierras,  wrenching  away 
vast  quantities  of  riches,  had  subsided,  those  who  had  but  a  short  time  before 
been  absorbed  In  the  pnrsuft  of  the  yellow  metal  went  quieftly  to  work  on  the 
plains  of  the  great  Sacramento  Valley  to  engage  In  the  quieter  pursuits  of  agri- 
culture. California  has  done  great  things  In  agriculture,  and  without  a  doubt 
what  she  has  accomplished  is  due  in  great  measure  to  the  fact  that  she  had 
capital  to  start  with;  and  so  it  will  be  In  the  Philippines.  The  great  difficulty 
In  these  islands  to- day  is  the  lack  of  capital,  and  we  dare  say  that  had  we  a 
healthy  and  vigorous  mining  industry  here  turning  out  the  various  metals  which 
can  be  turned  Into  money,  our  agricultural  problem  would  be  a  fairly  simple  one. 
If  we  stop  to  think  of  the  ^2,000,000  which  leave  these  islands  every  year  to  buy 
coal  in  a  foreign  land  we  see  right  away  that  this  means  practically  that  much 
loss,  that  much  capital  which  is  deprived  of  its  ability  to  work  (for  us  at  least) 
toward  producing  more  capital.  In  the  working  of  the  mineral  Industry  of  any 
country  there  are  five  parties  or  groups  of  parties  engaged,  namely,  the  pros- 
pector, the  government,  the  private  engineer,  the  promoter,  and  the  capitalist, 
and  all  are  absolutely  necessary  to  the  proi^er  solution  of  its  problems.  We  shall 
take  these  up  In  the  order  named,  considering  first  the  work  of  the  prospector, 
for  It  Is  he  who  blazes  the  trail ;  he  Is  the  explorer,  and,  as  Kipling  says,  for  him 
there  Is  always  "  something  lost  behind  the  ranges." 

THE  PROSPECTOR. 

If  anything  of  value  Is  found  the  prospector  Is  generally  the  one  to  find  It,  but 
in  the  history  of  mining  he  has  rarely  reaped  the  full  reward  of  his  labors.  You 
have  but  to  follow  the  subsequent  history  of  the  men  who  located  the  first  claims 
on  the  great  property  of  the  C^mstock  lode  to  see  how  much  the  world  Is  in- 
debted to  these  men  and  how  little  of  the  great  stakes  they  really  drew.  If  the 
average  man  In  his  city  office  could  go  out  Into  the  wilds  of  the  bosque  and  see 
some  of  these  men  in  their  tattered  rags,  with  their  handful  of  food,  sometimes 
suffering  from  fever,  deluged  with  rain,  or  risking  their  lives  among  half  savage 
people  on  swollen  rivers,  and  typhoon-swept  seas,  he  would  have  a  greater  re- 
spect for  the  pioneer  who  uncovers  the  wealth  stored  away  In  the  rocks.  Would 
It  not  be  a  saving  Investment  If  the  Government  could  subsidize  a  few  of  these 
well-chosen  men  and  make  It  possible  for  them  to  do  more  efficient  work?  In 
the  Philippines  we  are  absolutely  dependent  upon  them,  for  the  reason  that  the 
vast  body  of  the  native  people  know  nothing  of  minerals  and  ores,  and  until  they 
can  be  educated  along  these  lines  we  must  depend  upon  that  small  but  hardy 
band  of  Americans,  and  also  some  Europeans,  who  have  chosen  to  leave  the 
beaten  track  and  search  beyond  the  pale  of  cities  and  towns. 
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THE  GOVERNMENT. 

Second  is  the  work  of  the  goyemment.  Nearly  every  country  of  any  standing 
among  civilized  nations  maintains  a  corps  of  men  whose  business  it  is  to  be 
versed  in  the  lore  of  geology  and  mining.  These  men  are  trained  to  act  as  guide^ 
to  keep  a  watchful  eye  on  the  prospector,  to  help  make  his  path  smoothet,  ana 
to  bring  what  he  has  found  to  the  knowledge  of  the  outside  world.  In  man/ 
countries  this  corps  of  geologists  and  engineers  is  busy  in  making  reports  on 
mines  already  established  and  on  a  paying  basis.  But  this,  it  seems,  is  rather  a 
waste  than  a  gain.  The  government  in  its  work  should  anticipate  rather  tlian 
follow  behind;  it  should  make  surveys  over  the  public  domain,  mapping  and 
defining  the  various  formations,  pointing  out  the  probable  localities  and  horizons 
of  mineral  richness,  in  short,  doing  a  class  of  work  that  the  prospector  can  not 
do  because  of  lack  of  training  and  for  which  the  private  engineer  has  not  time. 
The  private  engineer's  work  lies  in  a  restricted  field,  and  he  can  cover  this  much 
more  efficiently  than  the  government  engineer,  whose  work  is  of  a  broader  nature. 
In  the  early  stages  of  the  work  the  government  should  carry  on  work  of  a  recon- 
naissance nature,  and  as  time  goes  on  this  work  may  be  brought  down  to  greater 
and  greater  detail.  Another  way  in  which  the  government  might  materially  aid 
in  promoting  the  mineral  industry  is  that  of  oflfering  bounties  and  various  other 
Inducements  for  the  discovery  of  valuable  deposits.  It  might  even  grant  pen- 
sions under  certain  conditions  to  men  who  have  become  worn  out  in  their  strug- 
gle with  nature.  The  Commonwealth  of  Australia  is  very  f^r  advanced  in  these 
matters,  and  through  her  judiciously  distributed  bounties  has  done  much  for  the 
bttiefit  of  all  concerned. 

We  shall  not  take  up  much  space  here  in  a  discussion  of  the  mining  laws, 
as  they  will  be  treated  elsewhere  and  under  a  separate  head  in  this  paper. 
Naturally  in  its  mining  regulations  the  Government  finds  its  most  potent  Instru- 
ment for  good  or  harm.  Sometimes  an  overzealous  government,  in  its  efforts 
to  prevent  graft  and  monopoly,  can  so  fetter  legitimate  persons  and  enterprises 
as  to  strangle  the  whole  industry.  This  can  be  carried  to  such  extremes  as  to 
become  a  grave  economic  mistake.  It  were  far  better  to  err  on  the  side  of 
leniency  than  stringency.  The  vital  thing  is  to  get  something  started  and 
afterwards  put  on  the  checkrein. 

At  last  there  appears  a  light  on  the  horizon  in  the  shape  of  a  bill  introduced 
in  the  Senate  of  the  United  States  providing  for  some  vital  changes,  the  pas- 
sage of  which  we  hope  for  at  the  next  session  of  Congress,  and  which  wiU 
mean  a  new  and  more  auspicious  era. 

THE  PRIVATE   ENGINEER. 

Third,  having  found  the  ore,  it  is  the  work  of  the  private  engineer -^o  con- 
vince capitalists  that  it  is  worth  while,  and,  having  convinced  the  capitalists. 
It  is  his  business  to  extract  the  ore;  and  with  his  field  of  work  so  defined  he 
naturally  resents  it  if  the  government  engineer  comes  in  and  makes  a  report 
on  property  to  which  he  naturally  has  a  right.  The  private  engineer  and  the 
government  engineer  can  supplement  each  other*s  labors  very  harmoniously 
and  very  profitably  to  both.  The  former  while  engaged  in  the  exploitation  of 
the  property  under  his  charge  can  find  out  many  facts  which,  if  properly 
recorded,  can  be  or  will  be  of  great  utility  to  the  geologist  in  his  field,  and 
the  government  engineer  can  aid  the  other  by  furnishing  him  with  the  broads 
facts  which  help  to  elucidate  the  conditions  in  a  smaller  and  limited  district 

THE  PROMOTER. 

Fourth,  we  come  to  the  promoter.  In  this  latter  day  we  all  naturally  shy 
away  from  the  mining  promoter,  and  oftentimes  with  good  cause,  but  the  min- 
ing promoter  is  a  very  necessary  person.  Some  one  must  do  the  advertising, 
and  with  a  proper  inspection  of  mine  prospectuses  the  many  fake  schemes  could 
be  eliminated  without  our  losing  that  valuable  functionary,  the  booster. 

THE  CAPITALIST. 

And  last  we  come  to  the  capitalist ;  he  is  the  man  with  the  means  to  accom- 
plish things.  Many  people  are  accustomed  to  "take  a  fling"  at  the  capitalist 
just  because  he  is  a  capitalist  and  has  more  money  than  they,  and  we  some- 
times think  that  the  capitalist  Is  a  much-abused  person.  It  is  his  money  (we 
presume  it  to  be  his)  that  is  going  to  take  the  risk,  and  naturally  he  has  a 
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right  to  know  the  truth  and  the  whole  truth  about  the  property  or  scheme  that 
he  Is  asked  to  confide  In.  To-day  we  have  rigid  examinations  for  admissicm 
to  the  bar;  we  have  long  and  severe  courses  through  which  a  man  must  go 
before  he  has  a  right  to  practice  medicine  on  his  fellow-men;  and  yet  we  do 
not  require  an  examination  for  admission  to  the  bar  of  moi  in  the  mining  pro- 
fession, men  who  often  bleed  their  brethren  more  deeply  than  the  leeches  of 
old  time.  If  the  Government  would  require  an  examination  or  a  certificate 
from  a  reputable  mining  school  of  every  man  who  sets  up  to  be  a  mining  engi- 
neer, it  would  prevent  hundreds  of  people  losing  their  savings,  and  greater 
trust  and  greater  confidence  would  be  instilled  into  the  mining  industry. 
Think  what  a  deplorable  state  of  mind  exists  among  many  people  when  a  well- 
known  lawyer,  a  man  of  profound  wisdom  and  education,  makes  the  remark  in 
all  faith  that  all  mining  is  nothing  but  a  fake  and  swindle,  that  more  money 
goes  into  the  ground  than  ever  comes  out  Wliat  must  a  man  of  Just  ordinary 
intelligence,  a  man  who  knows  nothing  of  mines  and  minerals  and  little  of 
business,  think  in  regard  to  the  mineral  industry?  Is  it  any  wonder  that 
people  either  bury  their  dollars  under  the  house,  thereby  removing  capital, 
however  small  it  may  be,  from  its  position  to  earn,  or  rush  blindly  into  any 
scheme  that  may  be  proposed?  Both  are  detrimental  to  the  legitimate  in- 
dustry. 

The  Work  of  the  Past 

When  the  American  people  took  over  the  Philippine  Islands  they  found  a 
very  efficient  mining  bureau  in  many  ways,  but  the  standards  of  the  American 
people,  while  not  always  better,  are  at  least  different  from  those  from  whom 
we  inherited  these  islands,  and  so  a  ctiange  was  thought  necessary.  In  the 
last  few  years  geology  has  become  practically  a  new  science;  whereas  it  was 
at  one  time  a  study  of  the  cloister  it  is  now  an  applied  science,  and  all  the 
great  mining  companies  employ  a  corps  of  trained  geologists,  who  work  ahead 
of  and  with  the  engineers  who  extract  the  mineral  wealth.  Many  advances 
have  been  made  in  this  science,  and  it  is  in  America,  perhaps,  tliat  the  greatest 
strides  have  l>een  made. 

The  first  work  of  the  mining  bureau  under  the  American  regime  was  carried 
on  by  Judge  Burritt,  a  lieutenant  in  the  Twelfth  Cavalry,  United  States  Vol- 
unteers. Judge  Burritt  is  a  lawyer  familiar  with  mining  law,  but  neither  a 
trained  engineer  nor  a  geologist.  It  was  his  duty  to  take  over  the  records  of 
the  Spanish  mining  bureau  and  rearrange  them  and  translate  them  for  the  use 
of  his  fellow-countrymen.  This  long  and  tedious  work  accomplished,  and  well 
accomplished,  he  resigned  in  favor  of  the  man  who  was  to  take  up  the  thread 
where  he  dropped  it  This  man  was  Mr.  H.  D.  McCaskey,  a  trained  mining 
engineer  from  one  of  the  best  mining  schools  in  America.  Mr.  McCaskey*s  task 
was  that  of  reorganization  and  the  mapping  out  of  the  teclmical  work  of  the 
future.  To  this  work  Mr.  McCaskey  gave  six  years,  the  l>est  years  of  his 
manhood.  He  had  a  big  task  before  him,  so  big  that  the  results  of  his  labors 
may  not  be  seen  to-day  or  next  year,  even  for  many  years.  He  did  not  demand 
credit  for  himself;  so  his  work  was  done  well  he  was  satisfied;  and  finally, 
after  six  years,  he  returned  to  his  home  in  the  United  States,  with  his  health 
badly  impaired  by  his  long,  earnest,  and  trying  labors  in  the  Tropics. 

The  work  of  the  present  must  necessarily  be  reconnaissance  in  nature,  and 
should  be  an  era  of  search,  ifesearch,  and  discovery.  Accuracy  of  detail  must 
be  sacrificed  to  quantity  and  rapidity.  We  do  not  need  to  exercise  supervision 
over  mines  when  there  are  scarcely  any  mines  at  all ;  we  can  not  stop  to  develop 
properties — that  is  the  work  of  the  promoter  and  the  capitalist— we  must  make 
broad  and  far-reaching  surveys,  delimit  the  grander  formations,  and  point'  the 
way  to  the  prospector. 

When  something  has  been  found  and  capital  has  come  In  to  develop  it,  then  it 
will  be  our  task  to  concentrate  our  work  on  individual  mining  fields,  to  pro- 
vide regulations  for  the  care  of  miners  and  other  laborers  connected  with 
mines,  to  protect  the  public  from  false  statements,  and  keep  a  record  of  pro- 
duction. 

Topogrraphioal  Survey. 

The  great  and  crying  need  for  the  work  of  the  geologist,  engineer,  and 
operator  is  an  accurate  topographical  map  of  the  public  domain  on  the  general 
plan  of  the  United  States  Geological  Survey  topographic  maps.  We  need  not 
dwell  on  the  merits  of  such  a  map  now.  They  are  apparent  to  those  who  have 
done  any  engineering  work. 
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A  large  amount  of  work  is  being  done  at  this  time  by  the  several  bureaus 
of  the  Philippine  government,  but  we  do  not  exaggerate  when  we  say  that 
fully  two-thirds  of  the  present  map  work  being  executed  will  be  valueless  in 
the  future.  A  topographic  map  should  be  made  by  a  topographer,  and  not  by 
just  anyone  who  happens  to  know  how  to  use  a  transit  Perhaps  we  are  doing 
the  best  we  can,  but  the  waste  of  time,  energy,  and  money  could  be  obviated 
with  greater  cooperation  and  uniformity. 

Such  an  undertaking  would  require  an  immense  expenditure  of  money,  and 
could  hardly  be  borne  in  its  entirety  by  the  insular  government.  Possibly  aid 
could  be  secured  from  the  Federal  Government.  If  the  administration  wants 
to  do  something  that  will  be  of  lasting  benefit  to  the  Philippine  Islands,  this 
offers  opportunity.  Prominent  scientific  and  technical  men  in  the  United  States 
have  suggested  this  course,  in  fact  it  was  Mr.  McOaskey*s  great  dream.  Per- 
haps we  are  dreaming*  now,  but  nevertheless  we  shall  nevei;  cease  hoping. 

Some  Facts  that  Militate  Against  the  Mining  Industry. 

In  the  interest  of  the  welfare  of  the  mining  industry  of  the  Philippines,  the 
mining  division  wishes  to  impress  upon  the  minds  of  the  fraternity  the  desir- 
ability of  conservative  advertising.  It  were  better  for  a  new  mining  district 
to  have  to  wait,  however  impatiently,  until  its  resources  ar^  finally  appreciated 
than  to  attempt  to  force  matters  through  statements  that  are  misleading  or  t&lae. 

Unfortunately,  in  our  opinion  there  is  no  specific  law  in  the  Philippines 
bearing  upon  this  subject  Several  States  in  the  United  States  have  recently 
followed  the  example  of  the  California  state  legislature,  which  body  passed 
an  act  in  1905  deeming  it  a  felony  should  any  officer  of  a  corporation  transact- 
ing business  in  that  State  assent  to  the  publication  of  any  f^lse  or  willfully 
exaggerated  report  or  prospectus  of  his  company. 

A  fake  prospectus  must  eventually  be  proved  a  fake,  and  the  particular 
camp  it  is  booming,  irrespective  of  its  true  merits,  then  receives  a  setback  from 
which  it  may  be  long  in  recovering.  This  has  been  proved  time  and  again 
in  our  own  West  where  several  mining  camps  eventually  proved  their  worth 
in  spite  of,  rather  than  as  a  result  of,  the  misguided  rantings  of  the  boomer. 
Not  that  legitimate  advertising  and  honest  promotion  is  discredited,  for  fre- 
quently they  are  the  only  means  available  to  bring  the  value  of  a  prospect  or 
mine  to  the  attention  of  those  having  capital  to  invest.  Our  intention  is  rather 
to  counsel  the  bona  fide  prospector  and  miner  against  printing  exaggerated 
or  misleading  reports  and  prospectuses.  Already  there  prevails  in  the  minds 
of  only  too  many  men,  otherwise  reasonable  and  intelligent,  the  impression  that 
all  mining  is  a  fraud  devised  to  swindle  innocent  widows  and  orphans  and 
perhaps  even  business  men.  As  a  matter  of  fact  uo  business  can  l>e  fairer 
or  cleaner  than  legitimate  mining,  honestly  conducted.  Particularly  is  this  true 
of  gold  mining,  where  the  market  of  the  product  remains  independent  of  any 
possible  trust  combination  or  competition. 

There  are  other  men  who  declare  mining  a  gamble,  and  these  come  nearer 
the  truth,  although  not  so  close  as  they  imagine.  Mining  and  metallurgy  have 
become  far  more  exact  sciences  than  could  ever  be  claimed  for  them  in  the  past 
and  an  estimate  of  the  true  value  of  a  mining  property  which  has  been  properly 
opened  up  and  developed  may  be  obtained  by  a  competent  mining  engineer  with 
a  far  greater  degree  of  accuracy  than  the  uninitiated  may  suspect;  for  all 
that  however,  there  is  a  sufficient  element  of  uncertainty  connected  with  mining 
operations  to  warrant  the  assertion  that  all  mining,  more  or  less,  is  a  gamble. 
A  wise  precaution  on  the  part  of  the  prospective  investor,  therefore,  should  be 
to  see  to  it  that  the  odds  he  is  getting  are  at  least  as  good  as  he  could  expect 
in  any  other  business  enterprise.  Where  the  chances  are  great,  the  possible 
returns  from  a  comparatively  small  investment  should  be  proportionately 
large.  Having  taken  all  reasonable  precautions,  should  the  venture  prove  a 
failure,  he  will  then  have  no  cause  for  self-reproach.  A  man  who  puts  his 
money  into  a  so-called  mining  enterprise  merely  on  the  strength  of  a  gaudy 
prospectus  or  an  alluring  advertisement,  invites  disaster,  and  should  not  put 
the  blame  of  his  loss  on  the  innocent  profession  of  mining.  A  man  who  has 
an  important  legal  suit  on  his  hands  will  in  nearly  all  instances  depend 
upon  competent  legal  advice  to  win  his  suit,  but  in  the  business  of  mining, 
although  the  money  involved  may  be  far  greater,  he  usually  depends  entirely 
upon  his  own  limited  knowledge  of  the  profession  or  upon  that  of  a  so-called 
practical  man,  or  in  fact  upon  anyone  who  can  be  accused  of  possessing  that 
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vague  asset  of  common  horse  sense,  the  lack  of  which,  strangely  enough,  no 
man  will  admit 

A  very  common  cause  of  failure,  particularly  of  young  mines  that  are  man- 
aged by  practical  men,  is  the  premature  purchase  and  installation  of  mining 
machinery.  Not  only  may  the  machinery  purcliased  be  111  adapted  to  treat  the 
bulk  of  the  ore  to  be  extracted  from  the  mine  in  the  future,  but  the  mill  site 
chosen  before  the  plans  of  development  are  finally  decided  upon  may  frequently 
be  badly  located  to  permit  of  economy  in  the  transportation  of  the  ore  between 
the  mine  and  the  mill.  But  worst  of  all  is  to  find  oneself  with  a  more  or  less 
complete  plant  with  no  ore  to  work.  In  nearly  all  cases  this  can  be  attributed 
to  shortsightedness  on  the  part  of  the  managers  and  owners  who,  desirous  of 
making  a  good  showing  to  facilitate  the  selling  of  stock  in  the  mine,  have 
invested  their  limited  capital  in  machinery  rather  than  in  prospecting  and  devel- 
opment. The  result  usually  is  more  or  less  stock  sold,  a  small  amount  of  ore 
either  on  the  dump  or  from  near  the  surface  worked  out,  and  then  all  the 
machinery  stopped.  Another  failure  is  then  recorded,  and  the  brunt  of  it  to  a 
large  extent  falls  upon  the  other  mines  and  prospects  in  the  district.  The  cases 
suggested  above,  while  hypothetical  to  some  extwit,  have  all  played  their  part 
in  the  history  of  mining  in  the  Philippines,  and  It  is  to  caution  the  miner  and 
small  investor  that  they  are  here  recorded. 

Oeology. 

Having  now  stated  some  general  principles  or  some  goieral  factors  wliich 
influence  the  mining  industry,  and  having  stated  the  policy  of  the  mining  bureau 
of  the  past,  of  the  present,  and  what  it  is  to  be  in  the  future,  we  shall  give  a 
general  summary  of  our  present  knowledge  of  Philippine  geology. 

First  we  quote  at  length  from  Mr.  G.  F.  Becker,  the  first  American  geologist  to 
visit  the  Philippine  Islands  for  the  purpose  of  geological  investigation,  but  who 
necessarily  had  to  depend  largely  upon  Information  from  the  Spanish  engineers. 
Dana  so  long  ago  as  1833  visited  the  Islands  as  a  member  of  the  Wilkes  expedi- 
tion, but  he  was  largely  engaged  in  an  Investigation  of  corals  and  coral  islands. 
Mr.  Becker  wrote  as  follows : 

"  From  early  Paleozoic  times  onward  an  archipelago  has  usually  marked  tlie 
position  of  these  Islands.  Prior  to  the  Ek)cene  nothing  definite  Is  known  of 
them,  but  further  investigation  will  very  likely  disclose  Paleozoic  and  Mesozolc 
strata  there,  as  In  the  Sunda  and  Banda  Islands.  During  the  Eocene  It  is  prob- 
able that  the  llgnltlc  series  of  Cebu  were  deposited,  and  the  contorted  Indurated 
strata  which  In  other  localities  also  carry  black  lignite  relatively  free  from 
water  should  be  referred  provisionally  to  this  period.  Whether  the  nummulltic 
limestone  found  at  BInangonan  Is  Eocene  seems  to  me  to  be  an  unsolved  ques- 
tion. After  the  Cebuan  llgnltlc  epoch  a  great  uplift  and  folding  took  place,  and 
this  may  have  been  a  detail  of  the  late  Eocene  movement  that  so  profoundly 
modified  Asia  and  Europe.  It  must  have  brought  about  temporary  continuity  of 
land  area  betwe^i  Borneo  and  Luzon.  Somewhere  about  the  middle  of  the 
Miocene  the  country  sank  to  a  low  level.  Many  of  the  present  Islands  must 
then  have  been  far  below  water,  while  Luzon  and  Mindanao  were  represented 
by  groups  of  Islets.  Observations  appear  to  suggest  that  the  Agno  beds  repre- 
sent the  basal  conglomerate  formed  at  this  subsidence.  A  slow  rise  began  again 
during  the  later  Miocene,  and  may  have  continued  to  the  present  day  without 
inversion ;  yet  the  actual  distribution  of  living  forms  Is  such  as  to  give  some 
grounds  for  believing  that  at  some  intermediate  period  the  Islands  were  a  little 
higher  than  they  now  are,  but  sank  again  only  to  rise  afresh.  The  diorltes  and 
asssoclated  massive  rocks,  Including  their  tuffs,  may  have  made  their  appear- 
ance about  the  close  of  the  Paleozoic.  The  less  siliceous  of  these  rocks  seem  to 
have  followed  the  more  siliceous  Intrusions  as  a  whole.  The  gold  deposits,  and 
perhaps  other  ores,  are  so  associated  with  these  massive  rocks  as  to  Indicate 
a  genetic  relation.  The  neovolcanlc  period  began  as  early  as  the  highest  Miocene 
horizon,  and  very  probably  at  the  post-Eocene  upheaval.  If  the  semlplastlc 
marls  of  Cebu  are  all  Miocene,  the  earlier  andeslte  rocks  at  least  date  back 
nearly  to  the  great  upheaval.  Among  these  rocks  also  there  Is  sometimes  a 
tendency  for  the  basalts  to  follow  the  andesltes,  but  the  one  daclte  found  at  CJor- 
regldor  is  later  than  the  andesites  of  that  island.  The  relation  of  the  trachytes 
to  the  andesltes  is  not  certain,  but  the  sanidlne  rock  Is  probably  the  earlier.  A 
very  large  part  of  the  neovolcanlc  ejecta  has  fallen  Into  water  and  been 
rearranged  as  tuffaceous  plains.    The  volcanic  vents  appear  to  me  to  occur  rath^ 
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on  a  network  of  fissures  than  on  a  single  system  of  parallel  diaclases,  and  the 
volcanic  activity  is  to  be  regarded  as  a  thermal  manifestation  of  the  «iergy  of 
the  upheaval/* 

In  all  essentials  Mr.  Becker  is  entirely  correct;  however,  one  or  two  correc- 
tions are  necessary.  The  "nummulitic  limestone"  is  an  orbitoidal  limestone, 
and  should  be  referred  to  the  Miocene  and  not  to  the  Eocene.  In  all  the  years 
since  1808,  the  time  of  Mr.  Becker's  visit,  diligent  search  has  not  revealed  any 
formation  older,  or  known  to  be  older,  than  Eocene,  and,  in  fact,  we  can  not 
absolutely  state  that  the  Coal  Measures  are  even  as  old  as  the  Eocene,  though 
there  is  every  probability  that  they  are.  It  is  possible,  then,  when  sections  have 
been  made,  either  by  traversing  deep  canyons  through  the  Ck)rdi]lera  of  Mindanao 
and  Paragua  or  by  deep  shafting  and  tunneling,  older  sediments  may  be  found, 
though  the  chances  are  that  they  have  long  since  been  metamorphosed  into 
schists  or  other  metamorphics,  so  that  any  organic  remains  that  they  may  have 
contained  would  now  be  beyond  recognition. 

Two  questions  are  often  asked  by  people  interested  in  mining  and  mineralogy. 
One  is,  "  Is  not  our  coal  the  same  as  that  of  Japan,  and  is  not  our  geology  the 
same?"  To  both  parts  of  which  the  answer  is,  "  No."  In  Japan,  a  vast  series  of 
formations  between  the  Eocene  and  the  Archean  are  represaited  which  we  do 
not  have,  or  rather  have  not  yet  found  in  our  record ;  and  in  Japan  they  obtain 
coal  from  these  different  horizons,  one  of  which  is  the  Carboniferous,  or  the 
same  as  that  in  which  the  Pennsylvania  coal  of  the  United  States  occurs.  The 
second  question  is,  "Are  there  not  to  be  found  in  Mindanao  tin  and  diamonds?" 
Tin  in  most  places  in  the  world  is  associated  with  granitic  rocks,  greissen,  and 
granite  gneisses.  Up  to  the  present  time  these  rocks  have  not  been  encountered, 
save  in  one  instance,  In  Mindanao,  and  to  a  limited  extent  in  the  northern  part  of 
Luzon.  Not  long  since  an  unscrupulous  fakir  from  Mindanao  reported  tin  in 
the  vicinity  of  Cagayan,  but  on  investigation  it  was  found  that  the  tin  came 
from  Australia  and  not  from  these  islands  at  all.  Some  have  the  idea  that  dia- 
monds are  to  be  found  in  Mindanao  because  they  have  been  found  in  Borneo, 
but  the  diamonds  come  from  the  southwestern  and  northwestern  part,  while 
none  have  been  found  so  far  in  that  portion  of  the  island  nearest  Mindanao,  and 
the  portion  nearest  Mindanao  is  geologically  very  much  the  same  as  the  south- 
western part  of  that  island. 

There  seems  to  be  a  great  deal  of  doubt  in  the  minds  of  many  people  regarding 
valuable  minerals  In  these  islands,  but  the  pessimism  Is  generally  expressed  by 
people  who  are  willing  to  be  satisfied  with  chance  information  and  gossip,  and 
who  really  want  the  answer  In  the  negative  before  they  ask  it  The  output  of 
gold  in  the  Island  of  Formosa  during  the  last  year  amounted  to  over  a  million 
dollars.  Now  we  know  that  the  geology  of  Luzon  and  Formosa  is  not  essen- 
tially different.  We  also  know  that  conditions  in  the  interior  of  Formosa  are 
much  less  conducive  to  safe  and  rigorous  prospecting  and  mining  than  in 
northern  Luzon.    There  is  gold  in  northern  Luzon. 

As  yet  we  know  of  no  bonanzas ;  but  there  are  many  properties  which  contain 
a  large  amount  of  low-grade  ore  which  would  amply  repay  (and  in  one  case  is 
paying)  the  man  or  men  who  will  have  the  patience  and  exercise  the  proper 
management.  Only  within  the  last  few  days  has  tellurlde  ore  been  positively 
identified  in  a  sample  sent  down  from  the  Lepanto  region.  In  Masbate  we  have 
several  properties  which  have  been  examined  by  competent  men  and  proved  to 
be  distinctly  worth  while.  In  the  Angat  region  there  are  known  to  exist  great 
bodies  of  hematite  of  bessemer  grade  which,  as  soon  as  a  coking  coal  can  be 
found  or  shipped  In  here  at  reasonable  prices,  will  prove  an  Immense  asset  to  the 
economies  of  the  Philippines.  In  Lepanto  Bontoc  private  and  government 
surveys  have  shown  to  exist  an  enormous  body  of  copper  ore  which  up  to  the 
present  time  has  been  neglected  owing  to  the  one  great  obstacle,  transportation. 
A  company  composed  of  Influential  and  trusted  men  of  the  city  of  Manila  has 
lately  been  formed  and  applied  for  a  franchise  to  build  a  road  connecting  this 
field  with  the  coast. 

After  many  years  of  stormy  criticism  articles  are  appearing  in  the  dally 
papers  Justifying  the  Benguet  road,  but  it  seems  that  the  one  great  reason  for 
Its  justification  is  omitted.  It  is  a  matter  of  Individual  concern  only  that  our 
public  officials  have  a  place  to  go  to  spend  the  hot  summer  months ;  but  it  Is  a 
matter  vital  to  the  general  weal  of  the  whole  Philippine  Islands  that  there  Is  a 
means  provided  for  hauling  into  the  interior  stamp  mills  and  cyanide  plants 
and  other  heavy  machinery.  This  is  the  real  Justification  of  the  Benguet  road, 
and,  neglectUig  for  the  moment  the  question  of  cost,  the  building  of  the  Ben- 
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guet  road  will  probably  be  considered  one  of  the  wisest  acts  performed  by  our 
Philippine  Commission  in  its  whole  period  of  service,  and  the  sooner  we  build 
more  of  these  roads  the  better. 

After  long  years  of  waiting  we  have  seen  another  and  definite  start  made  in 
the  exploitation  of  the  coal  of  the  Philippine  Islands.  One  company  has  been 
organized,  has  been  carrying  on  development  work  for  a  matter  of  six  months 
or  more,  has  procured  machinery  and  built  a  tram  road,  and  promises  soon  to 
have  its  coal  on  the  dock  in  Cebu.  Other  capitalists  have  experts  examining 
various  fields,  and  from  their  method  of  procedure  and  from  what  we  Imow  of 
the  men  involved,  if  the  coal  Justifies  any  expense  at  all  it  will  be  properly  and 
speedily  placed  at  the  disposal  of  consumers.  In  at  least  two  localities  in  the 
islands  there  exists  the  raw  materials  for  the  making  of  cement,  and  a  capitalist 
has  asked  for  a  franchise  to  operate  a  plant  erected  according  to  modem  ideaa 
It  is  our  sincere  hope  that  neither  the  government  nor  the  people  of  the  Philip- 
pine Islands  will  place  any  obstacles  in  the  way  of  the  man  who  proposes  to 
carry  out  such  an  undertaking. 
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Pield  Work. 

During  the  year  1907-8  the  work  and  distribution  of  the  division  field  parties 
was  as  follows : 

1.  Completion  of  geologic  mapping  In  the  Compostela-Danao  coal  field,  Cebu, 
Messrs.  Smith  and  Goodman. 

2.  Geologic  investigation  in  the  Batanes  Islands,  Mr.  Ferguson. 

3.  Triangulation  in  the  Aroroy  mining  district,  Masbate,  Messrs.  Goodman 
and  Ickis. 

4.  Topographic  and  geologic  mapping  of  the  Aroroy  district,  begun  by  Mr. 
Ferguson,  assisted  by  Mr.  R.  N.  Clark. 

5.  Underground  survey  of  the  old  and  new  Mancayan-Suyoc  copper  workings, 
Lepanto-Bontoc,  Mr.  Goodman. 

6.  Preliminary  investigation  of  the  gold-bearing  region  of  Cagayan  de 
Misamis,  Mindanao,  Mr.  Ickis. 

7.  Geologic  reconnaissance  of  Mindanao  and  the  Sulu  Group,  begun  by  Mr. 
W.  D.  Smith,  assisted  by  Messrs.  Goodman  and  Ickis. 

8.  Investigation  of  the  placer  gold  fields  of  Nueva  Ecija,  Mr.  Goodman. 
The  Mindanao  and  Masbate  work  is  still  in  progres& 

Introduction. 

The  publication  of  an  annual  statement  in  figures  of  the  mineral  production 
in  the  Philippines  Islands  is  begun  with  this  bulletin.  The  bureau  has  prac- 
tically adopted  the  plan  so  admirably  elaborated  and  so  succesolfully  used  by 
the  United  States  Geological  Survey  in  Its  statistical  work.  The  value  of 
definite  and  accurate  reports  can  not  be  too  greatly  emphasized.  The  investor 
needs  fkcts  and  not  mere  generalization.  Many  of  our  mining  men  have  real- 
ized this  and  have  responded  generously  with  what  information  they  could. 

65 
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However,  there  has  been  some  opposition,  but  this  was  to  be  expected  In  a  new 
country.  There  is  really  no  good;  sound  reason  for  such  an  attitude.  Publicity 
will  do  no  harm  to  the  mining  Interests,  but  It  will  be  a  benefit.  The  old  cus- 
tom of  witliholdlng  Information  from  the  public  Is  becoming  obsolete.  We 
sincerely  hope  that  our  efforts  in  publishing  an  annual  statement  of  the  mineral 
resources  of  the  Philippine  Islands  will  be  appreciated  and  supported  by  the 
mining  men  of  the  Philippines. 

There  are  many  factors  which  affect  any  industry  for  better  or  for  worse. 
Some  of  these  we  can  do  very  little  to  change ;  some  obstacles  we  can  partially 
remove,  while  others  which  are  devised  by  man  are  entirely  within  our  power 
to  modify.  Natural  features  of  the  country  are  sometimes  insurmountable* 
the  labor  question  is  often  a  serious  one,  but  when  we  come  to  human  laws 
there  is  no  reason  why  an  equitable  and  proper  code  could  not  be  devised.  A 
bill  is  now  before  the  Ck>ngre8S  of  the  United  States  which  will  do  much  to 
alleviate  the  present  conditions  and  this  bureau  will  do  all  in  its  power  to  assist 
in  its  passage. 

In  the  interest  of  the  welfare  of  the  mining  Industry  of  the  Philippines,  the 
mining  division  wishes  to  Impress  upon  the  minds  of  the  prospectors  and  mine 
owners  the  desirability  of  conservative  advertising.  It  would  be  better  for  a 
new  mining  district  to  wait,  however  impatiently,  until  its  resources  are  finally 
appreciated  than  to  attempt  to  force  matters  through  statements  that,  however 
honestly  made,  may  be  misleading  or  false.  No  business  can  be  fairer  or 
cleaner  than  legitimate  mining  honestly  conducted.  Particularly  is  this  true 
of  gold  mining  where  the  market  of  the  product  remains  independent  of  any 
possible  trust  combination  or  competition.  Mining  and  metallurgy  have  become 
far  more  exact  sciences  than  could  ever  be  claimed  for  them  in  the  past,  and 
an  estimate  of  the  true  value  of  a  mining  property  which  has  been  properly 
opened  up  and  developed  may  be  obtained  by  a  competent  mining  engineer 
with  a  far  greater  degree  of  accuracy  than  the  uninitiated  may  suspect 

A  very  common  cause  of  failure  of  a  mine  is  the  premature  purchase  and 
installation  of  mining  machinery.  Not  only  may  the  machinery  purchased  be 
ill  adapted  to  treat  the  bulk  of  the  ore  to  be  extracted  from  the  mine  in  the 
future,  but  the  mill  site  chosen  before  the  plans  of  development  are  finally 
decided  upon  may  frequently  be  so  badly  located  as  not  to  permit  of  economy 
in  the  transportation  of  the  ore  between  the  mine  and  the  mill ;  worst  of  all,  a 
more  or  less  complete  plant  may  be  installed  with  no  ore  to  work.  In  nearly 
all  cases  this  can  be  attributed  to  shortsightedness  on  the  part  of  the  managers 
and  owners  who,  desirous  of  making  a  good  showing  to  facilitate  the  selling 
of  stock  in  the  mine,  have  Invested  their  limited  capital  in  machinery  rather 
than  in  prospecting  and  development.  The  result  usually  is  more  or  less  stock 
sold,  a  small  amount  of  the  ore  either  on  the  dump  or  from  near  the  surface 
worked  out,  and  then  all  the  machinery  stopped.  Another  failure  is  then 
recorded  and  the  brunt  of  it  to  a  large  extent  falls  upon  the  other  mines  and 
prospects  in  the  district    The  chief  asset  of  any  mine  is  the  ore  reserve. 

Mine  inspection  should  be  mentioned  at  this  time  as  a  question  for  future 
serious  consideration.  Up  to  the  present  there  has  been  no  need  of  this,  but 
the  time  is  almost  ripe  for  some  legislation.  A  reason  for  delay  in  putting 
the  measures  into  immediate  execution  is  that  they  would  involve  the  taking 
of  the  professional  men  of  the  division  of  mines  from  more  urgent  work.  The 
subject  is  mentioned  here  simply  to  guide  public  thought  in  this  direction. 

In  conclusion  it  might  be  stated  that  the  history  of  the  district  of  Benguet 
demonstrates  that  a  sure,  profitable,  and  steady  mining  industry  can  be  built  up 
in  the  islands. 

The  Ifonmetalllo  Hinerals. 

By  Wabren  D.  Smith. 

In  many  countries,  where  accurate  statistics  have  been  kept  the  monetary 
value  of  the  nonmetalllc  minerals  exceeds  that  of  the  metallc  products.  For  the 
year  1906  the  total  value  of  the  nonmetallic  products  in  the  United  Statee 
amounted  to  $1,016,206,700  as  against  $886,110,856  for  the  metalUc. 

FUELS. 
COAL. 

Coal  has  been  found  in  nearly  every  island  of  this  Archipelago;  in  many 
plaq^9  ftSSQClated  with  petroleum.    The  coal  Is  pretty  much  alike  throughout 
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the  Phllli^ines,  it  is  subbitominom,  haring  tlie  appearance  and  specific  gravity 
of  lignite,  but  it  has  the  carbon  content  and  streali  of  a  bituminous  coal.  When 
mined  from  beds  near  the  surface  and  from  those  which  have  been  little  dis- 
turbed since  their  deposition,  the  coal  is  apt  to  be  very  inferior,  having  only 
about  50  per  cent  of  the  efficiency  of  Australian  coal,  but  in  regions  like  the 
Ck>mpostela  and  Danao  fields,  or  the  western  end  of  Batan  Island,  it  is  of  a 
decidedly  better  grade.  This  superiority  is  due  not  so  much  to  compression  in 
folding,  or  to  volcanic  heat,  as  it  is  to  the  fracturing  of  the  coal,  so  that  a  proc- 
ess of  dry  distillation  takes  place  and  a  greater  quantity  of  fixed  carbon  is 
segregated.  The  promising  coal  fields  at  the  present  time  are  as  follows :  Cebu, 
in  the  region  behind  the  towns  of  CJompostela  and  Danao ;  the  island  of  Polillo, 
which  is  on  the  east  cpast  of  Luzon  about  opposite  Manila ;  the  southern  portion 
of  the  island  of  Mindoro  in  the  vicinity  of  Bulalacao ;  on  a  small  island  Just  to 
the  south  of  Bulalacao ;  Batan  Island,  about  12  miles  northeast  of  Legaspl,  in 
Albay  Province;  the  northern  portion  of  Dinagat  Island,  just  north  of  Surigao, 
Mindanao ;  and  near  Escalante  in  the  northeast  comer  of  the  island  of  Negros. 

While  these  coals  have  stood  some  very  good  tests  in  stationary  and  marine 
engines,  still  they  are  far  from  satisfactory  for  all  requirements,  and,  following 
the  lead  of  the  United  States  Geological  Survey  at  St  Louis,  Doctor  Cox,  of  the 
division  of  chemistry,  has  experimented  with  them  with  the  view  of  establishing 
the  feasibility  of  utilizing  the  gases  in  gas-producer  engines.  Theoretically,  his 
conclusions  appear  to  be  correct;  that  is,  it  is  feasible  to  utilize  them  in  this 
way ;  but  the  next  step  is  a  mechanical  one,  and  it  is  here  that  the  most  trouble 
has  been  experienced  in  employing  producer  coal  gas  both  in  the  United  States 
and  other  countries.  However,  we  feel  sure  that  in  time  the  problem  will  be 
solved  so  that  it  will  be  a  practicable  undertaking.  I  should  state  here  that  Mr. 
Gilkerson,  mechanical  engineer  at  the  bureau  of  science,  and  Doctor  Cox  are 
designing  and  arranging  for  the  erection  of  apparatus  on  a  large  enough  scale 
to  make  a  complete  and  practical  commercial  test  of  this  process. 

It  is  not  a  question  with  us  of  the  quantity  of  coal  so  much  as  it  is  one  of 
ability  to  mine  it  without  a  loss.  In  one  sense  the  geologies  of  the  Philippines 
and  Japan  are  very  similar;  that  is,  in  structure  both  regions  are  profoundly 
folded  and  faulted,  which  condition  of  course  increases  the  difficulties  of  mining. 
During  my  last  visit  in  Cebu  I  traversed  one  small  creek  in  which  I  passed  in 
succession  across  four  coal  beds.  No.  1  was  5  feet  thick ;  No.  2  about  10  feet ; 
No.  3  approximately  13  feet ;  and  No.  4,  2  feet  These  beds  appeared  to  be  fairly 
continuous,  and  I  may  state  that  a  bed  of  coal  6  feet  thick  is  considered  by 
many  engineers  as  good  as  one  of  40  feet,  because  it  is  easier  to  mine. 

NATURAL  OAS. 

In  Rizal  Province  and  on  the  island  or  Marinduque  some  small  amounts  of 
natural  gas  have  been  found  to  issue  from  the  ground,  but  further  than  this 
we  have  no  record  of  these  occurrences,  and  so  far  as  I  know  they  have  elicited 
but  scant  notice. 

PETBOLBUM. 

The  subject  of  petroleum  I  treated  more  at  length  In  special  reports  which 
were  published  in  the  Far  Eastern  Review.  Suffice  it  to  say  here  that  petroleum 
occurs  on  the  east  coast  of  Tayabas  Province,  where  prospecting  is  now  going 
on.  On  the  west  coast  of  the  island  of  Cebu,  near  Toledo,  and  also  near  Alegria, 
petroleum  has  been  found. 

One  very  serious  point  needs  to  be  considered  with  great  care  before  any 
company  should  venture  into  the  petroleum  industry  in  these  islands,  namely, 
the  one  involving  the  structural  features  of  the  oil-bearing  regions.  Are  the  oil- 
bearing  formations  sufficiently  extensive  and  tliick,  or  continuous,  to  insure  a 
steady  and  adequate  supply  so  as  to  warrant  any  considerable  outlay?  I  am 
inclined  to  think  that,  so  far  as  I  know  the  Cebu  field,  these  conditions  are  not 
as  favorable  as  they  might  be.  Without  j;  very  considerable  oil  supply  a  local 
company  might  find  serious  difficulty  in  producing  any  efl^ect  on  a  market 
already  controlled.  However,  this  is  a  purely  business  feature  which  it  is 
not  within  my  province  to  discuss.    I  merely  make  these  statements  as  sug- 
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I  am  frequently  asked  if  there  is  any  great  amount  of  natural  cem^it  rock 
in  these  islands.  We  have  not  yet  found  such  materials  nor  would  it  make  any 
serious  difference  if  we  were  not  to,  for  the  simple  reason  that  it  is  possible  to 
take  the  raw  products,  limestone,  and  clay  or  shale,  and  to  make  a  far  better 
product  than  nature.  Sometimes  nature  succeeds  in  making  a  very  good  cement, 
but  this  is  only  an  accident  and  a  very  unconunon  occurrence.  We  have  in 
several  places  all  the  material  for  our  purpose.  We  have  literally  hundreds  of 
square  miles  of  a  very  excellent  limestone,  and  shale  and  clay  beds  are  by  no 
means  uncommon. 

One  of  the  best  places  for  a  cement  plant  would  seem  to  be  at  Danao,  Cebu. 
Coal,  limestone,  clay,  shale,  and  transportation  are  all  at  hand.  Good  materials 
and  facilities  are  also  available  at  Cotabato,  Moro  Province,  so  that  whenever 
this  district  shall  become  thoroughly  quieted  and  more  settled  with  Europeans 
or  Americans  something  may  be  done. 

At  Binangonan,  on  Laguna  de  Bay ;  near  Lucena,  Tayabas  Province,  and  on 
Romblon  Island  all  the  ingredients  necessary  for  cement  are  to  be  found.  One 
feature  most  favorable  to  our  cement  Industry  Is  that  the  limestones  in  the 
Philippines  are  remarkably  low  In  magnesia,  a  very  objectionable  ingredient 
when  present  in  greater  quantity  than  2  or  3  per  cent  In  the  United  States, 
where  practically  all  the  limestones  are  rich  In  magnesia^  this  is  becoming  a 
troublesome  feature. 


The  two  important  sources  of  the  Manila  supply  of  lime  are:  (a)  Limestone 
quarries  near  Binangonan,  and  (&)  oyster  and  other  marine  shells  near 
Malabon. 

(a)  The  annual  output  of  the  Binangonan  quarries  is  about  000  tons,  nearly 
all  of  which  is  shipped  to  Manila  In  a  water-slaked  condition  and  Is  used  mostly 
for  making  mortar.  As  a  rule  but  a  small  supply  of  burnt  lime  is  kept  on  hand, 
the  lime  being  burned  when  ordered,  then  slaked  and  shipped  to  Manila  either 
In  sacks  or  barrels.    Very  little  Is  shipped  to  Manila  unslaked. 

The  product  of  the  Binangonan  kilns  is  a  very  fat  lime,  which  swells  to  about 
three  times  Its  original  volume  In  slaking.  In  this  condition  It  sells  at  Binan- 
gonan for  ?0.45  per  cavan  *  (about  80  pounds)  and  costs  to  transport  to  Manila 
an  additional  ?0.15,  making  the  total  cost  at  Manila  auout  ?0.60  per  cavan. 
Freshly  burned  quicklime  can  be  obtained  at  Binangonan  for  about  n.35  per 
cavan,  or  three  times  the  cost  of  the  slaked  lime,  and  In  Manila  for  about  n.50 
per  cavan. 

The  total  cost  of  manufacturing  the  slaked  lime  at  the  kiln  is  about  ^0.22 
per  cavan.  Transportation  to  Binangonan  per  carabao  costs  an  additional 
?0.06,  making  the  total  cost  of  production  at  Binangonan  about  W.28  per  cavan. 
Assuming  the  quicklime  to  triple  In  volume  In  slaking,  and  the  cost  of  trans- 
portation to  remain  the  same  per  volume  for  quick  as  for  slaked  lime,  the  cost 
of  producing  a  cavan  of  quicklime  In  Manila  would  be  about  ^0.87  per  cavan,  or 
about  K.50  per  barrel  of  230  pounds.  This  gives  a  profit  of  about  ?0.60  per 
cavan  of  quicklime  at  the  present  market  rate.  Padre  Reyes  finds  no  difficulty 
in  obtaining  as  many  laborers  as  he  requires,  nor  contemplates  any  difficulty  In 
this  respect  even  though  the  demand  should  be  largely  increased. 

(h)  About  000  tons  of  slaked  lime  are  annually  burned  at  Malabon.  This 
lime  is  poorer  in  quality  and  brings  a  lower  price  in  Manila  than  the  Binan- 
gonan lime.  It  is  made  of  marine  shells  gathered  in  the  neighborhood  of  Mala- 
bon. The  estimated  cost  of  production  of  the  slaked  lime  Is  about  90J26  per 
cavan  and  the  cost  of  transportation  to  Manila  Is  W.05,  making  the  total  cost 
at  Manila  about  M.30  per  cavan.  Its  selling  price  here  is  about  T0JS8  per 
cavan. 

Like  the  Binangonan  lime  the  major  portion  of  the  product  is  used  in  making 
mortar.  However,  part  of  It  is  also  employed  for  whitewashing,  and  a  small 
amount,  especially  prepared  for  the  purpose,  is  used  in  making  the  lime  paste 
which  is  chewed  with  the  betel  nut. 

Lime  is  burned  at  Malolos  In  Bulacan  Province  dnd  sells  there  at  M.50  to 
TOM  per  cavan,  and  farther  north,  at  Guagua  and  at  Sexmoan  in  the  Province 

»  0.075  cubic  meters  or  2.05  cubic  feet. 
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of  Pampanga,  practically  the  same  quality  of  lime  Is  manufactured,  but  It 
brings  there  ?0.80  per  cavan. 

I  see  no  reason  why  much  more  lime  than  Is  now  produced  could  not  be  made 
In  Cebu  and  the  other  Vlsayas.  Certainly  It  should  not  be  necessary  to  Import 
this  material,  as  Is  now  the  case. 

BUILDINO  AND  MONUMENTAL  STONE. 

The  stone  used  In  Manila  may  be  roughly  divided  into  two  classes:  (a)  Mar- 
ble and  small  quantities  of  other  stone  used  for  monuments  and  Inside  decora- 
tions, and  (h)  building  stone. 

(o)  There  are  several  firms  In  Manila  using  marble  for  tombstones,  memorial 
tablets,  etc.  Nearly  all  of  this  stone  comes  from  Belgium  and  Italy;  the  dark 
colored  and  dense  black  varieties  coming  from  Belgium,  and  the  soft  white 
varieties  from  Italy.  The  marble  Is  usually  shipped  In  thin  slabs  from  three- 
fourths  of  an  Inch  to  4  Inches  In  thickness,  but  some  of  It  comes  In  large  blocks. 
The  thin  slabs  vary  Iji  size  from  3  feet  square  to  4  by  8  feet,  and  are  often 
broken  or  cracked  In  transmission  so  as  to  be  almost  worthless  by  the  time 
they  arrive  In  Manila.  On  the  other  hand,  It  Is  a  costly  and  tedious  undertak- 
ing to  saw  thin  slabs  from  massive  blocks  because  of  the  unsatisfactory  labor 
for  the  work  and  the  crude  methods  for  sawing  In  vogue  here.  Some  marble 
has  been  brought  from  the  eastern  part  of  the  United  States,  coming  by 
way  of  San  Francisco  and  the  Pacific.  The  freight  by  this  route  Is  very  high, 
and  as  the  varieties  Imported  were  mostly  hard  Tennessee  marbles,  the  dealers 
have  not  taken  kindly  to  the  American  article.  Soft  varieties  of  stone  which  can 
be  easily  worked  are  preferred.  If  hard  marble  Is  used  It  should  be  very  tough 
and  difficult  to  break.  If  samples  of  marbles  from  the  United  States  could  be 
accessible  to  the  merchants  of  Manila,  they  could  order  soft  varieties.  Better 
freight  rates  might  be  obtained  by  way  of  the  Suez  Canal. 

Practically  the  only  marble  of  home  production  comes  from  the  Island  of 
Romblon  and  It  Is  not  well  adapted  for  the  finer  grades  of  work. 

A  considerable  quantity  of  very  white  crystalline  marble  has  been  found  In 
northern  Mlndoro,  but  because  of  the  difficulty  of  transportation  and  the  high 
cost  of  the  latter  no  steps  have  been  taken  to  quarry  It 

Dealers  are  rather  reticent  concerning  the  cost  of  marble  In  Manila.  It 
varies  greatly  with  the  quality  of  stone,  the  soft  white  varieties  being  the 
cheapest,  and  the  dense  black  ones  the  most  expensive.  In  slabs  from  three- 
fourths  of  an  inch  to  1  Inch  thick  It  costs,  as  stated  by  the  dealers,  from  9S  to 
as  high  as  ^20  per  square  meter.  The  ordinary  grayish  white  variety  Is  bought 
by  the  small  dealers  from  the  Importers  at  from  M  to  WO  per  square  meter. 

The  value  of  the  marble  in  the  finished  state  depends  entirely  upon  the 
amount  of  labor  expended  upon  it.  The  cost  of  labor  will  be  found  In  another 
place,  and  the  value  of  a  given  piece  of  finished  marble  may  be  approximated, 
but  It  Is  not  possible  to  give  general  figures. 

The  quality  of  Belgian  and  Italian  marble  Is  well  known  and  nothing  further 
need  be  said  of  marble  from  the  United  States.  The  quality  of  marble  from 
Romblon  leaves  much  to  be  desired.  Its  composition  is  not  uniform.  It  breaks 
easily,  and  Is  too  hard  to  suit  most  of  the  workmen.  Its  gray  color  Is  not 
attractive,  and  the  dealers  say  it  costs  more  than  the  imported  stone.  While 
not  adapted  for  fine  work,  It  might  prove  valuable  for  building  stone  If  It 
could  be  quarried,  brought  to  Manila,  and  sold  at  a  reasonable  price.  I  should 
strongly  recommend  further  investigation  of  the  Romblon  stone. 

Granites,  syenites,  and  like  stones  are  out  of  favor  because  of  their  hardness, 
and  so  far  as  I  can  learn  are  not  being  used  for  monuments,  tombstones,  or 
like  purposes.  Some  of  the  Igneous  rocks  of  these  Islands  are  undoubtedly 
better  than  marble  for  outside  work,  as  marble  disintegrates  more  rapidly 
when  exposed  to  the  weather. 

(6)  At  present  there  Is  not  a  good  quality  of  building  stone  on  the  market 
In  Manila.  In  former  years  considerable  quantities  of  Hongkong  granite,  a 
very  fine  stone,  were  employed  in  Manila,  but  Its  use  In  recent  years  seems  to 
have  fallen  off. 

Volcanic  tuff,  which  Is  found  at  the  surface  of  the  ground  around  Manila,  is 
for  sale  In  blocks  7  to  8  Inches  square,  and  about  20  Inches  long,  but  It  Is 
hardly  deserving  the  name  of  stone.  It  Is  very  soft,  has  small  crushing  strength, 
rapidly  goes  to  pieces  when  exposed  to  the  weather,  and  It  Is  rather  unsightly. 
Its  only  good  qualities  are  cheapness  and  the  ease  with  which  it  can  be 
obtained. 
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Workmen  go  to  where  the  tuff  is  exposed,  chop  out  blocks  with  t>olo8  or 
picks,  load  them  on  a  banca  and  bring  them  into  Manila.  Dealers  sell  the  blocks 
for  W  to  W2  per  hundred. 

The  Atlantic,  Gulf  and  Pacific  CJompany  has  blasted  out  great  quantities  of 
rough  rock  at  Marlveles  for  use  about  the  harbor  works  in  Manila  Bay,  princi- 
pally In  the  breakwater.    The  rock  is  an  acid  eruptive,  hornblende  andesite. 

I  believe  there  are  no  other  private  stone  quarries  near  Manila  producing 
stone  at  the  present  time.  There  certainly  are  none  of  importance.  I  have 
been  informed  that  there  is  a  good  building  stone  not  far  from  Manila.  It  is 
owned  by  private  individuals,  and  no  development  work  is  l)eing  done.  The 
Romblon  quarries  might  prove,  on  further  work,  to  be  a  very  valuable  property 
for  some  company. 

Transportation  is  practically  all  by  water.  The  soft  stone  blocks  from  the 
vicinity  of  Manila  are  brought  to  the  city  in  bancas,  although  it  is  done  in  such 
an  irregular  way  that  actual  cost  of  transportation  is  not  available.  The  cost 
of  transportation  of  marble  from  Italy  and  Belgium  was  not  to  be  obtained 
from  dealers,  but  it  was  stated  to  be  much  less  than  the  freight  rates  from 
the  United  States  by  the  Pacific  route. 

Filipino  labor  is  used  exclusively.  For  the  rough  work  it  does  very  well,  but 
when  great  skill  is  required  it  is  not  satisfactory.  Proprietors  of  establish- 
ments say  that  the  native  workmen  are  very  easily  offended  and  resent  attempts 
to  teach  them.  They  do  not  seem  anxious  to  learn.  On  the  other  hand,  for 
such  work  as  was  required  at  Marlveles  the  Filipino  workmen  were  very  satis- 
factory and  were  used  to  the  exclusion  of  all  other  people. 

In  the  marble  works  the  men  are  pald_W.50  to  1P2.50  per  day,  with  W..50 
as  an  average.    At  Marlveles  they  receive  about  W..50  per  day. 

ABRASIVES. 

In  the  southern  islands  there  is  a  considerable  development  of  sandstone 
which  would  work  up  well  Into  grindstones.  On  the  Muao  River,  Cebu,  I 
recently  found  a  deposit  which  appears  to  be  very  similar  to  the  novacuUte 
of  Arkansas  in  the  United  States,  the  material  from  which  our  finest  whetstones 
are  made. 

CHEMICAL    MATERIALS. 


Gypsum  has  been  reported  from  several  localities,  but  as  yet  we  have  no 
figures  as  to  the  extent  of  the  deposits.  One  locality  in  the  Loboo  Mountains, 
east  of  the  town  of  Batangas,  appears  to  be  quite  promising.  Gypsum  would 
be  used  not  only  In  cement  manufacture,  but  also  In  the  making  of  plaster 
of  Paris.  I  should  say,  however,  that  the  purest  Rhine  cements  do  not  use 
gypsum  and  it  is  to  be  regarded  as  an  adulterant 

PHOSPHATB. 

Phosphate  occurs  in  several  different  forms,  In  the  mineral  apatite  as  phos- 
phorite or  rock  phosphate,  land  pebbles,  and  In  guano,  which  Is  formed  from 
the  excreta  of  sea  birds  and  bats.  In  nearly  every  extensive  cave  in  the  Philip- 
pines a  dirty,  coarse,  granular  soil  is  encountered  on  the  floor,  varying  from  a 
few  Inches  to  several  feet  In  depth ;  this  Is  usually  a  bat  guano,  the  total  quan- 
tity In  each  Instance  varying  from  several  hundred  to  a  thousand  tons.  It 
could  be  mined  with  profit.  The  Island  of  Marlnduque  Is  said  to  have  many 
caves  containing  this  deposit,  which  In  one  place  Is  estimated  to  be  as  much 
as  500  tons.  I  believe  the  only  people  In  the  East  who  handle  this  material 
are  the  Japanese. 

PYRITE. 

The  chief  use  for  pjrrite  is  in  the  manufacture  of  sulphuric  acid.  As  yet  I 
have  neither  seen  nor  heard  of  any  extensive  deposits  of  this  Iron  compound, 
although  It  Is  probably  the  most  widely  disseminated  of  all  the  metallic  min- 
erals. I  do  not  believe  a  plant  erected  for  the  purpose  of  making  sulphuric 
acid  alone  would  pay  In  the  islands,  but  as  a  by-product  incident  upon  the 
treatment  of  pyrltlferous  ores  It  might  find  a  ready  market 
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Sulphur  in  small  quantities  has  been  found  in  Leyte,  in  Mindanao,  in  Lnzon, 
practically  everywhere  where  there  has  been  any  recent  vulcanlsm.  Mr.  Good- 
man, of  this  bureau,  on  a  recent  trip  through  Leyte  made  a  very  diligent  search 
for  sulphur,  visiting  some  of  the  locally  well-known  solfataras,  but  he  did  not 
find  any  conmiercially  valuable  deposits.  It  would  be  a  distinct  advantage  if 
we  were  to  find  any  considerable  quantity  of  sulphur,  as  this  element  is  needed 
in  the  making  of  certain  kinds  of  paper.  Very  good  paper  has  been  prepared 
by  Mr.  Richmond,  of  this  bureau,  from  abacA  and  cogon  waste,  but  sulphur  is 
needed  in  the  process.  I  have  no  doubt  in  my  own  mind  that  there  are  consid- 
erable buried  deposits  of  sulphur  intercalated  in  the  general  lava  flows  which 
will  be  uncovered  at  a  later  time. 

SALT. 

The  occurrence  of  springs  flowing  hot  saline  solutions,  either  quite  saturated 
or  nearly  so,  appears  to  indicate  the  existence  of  natural  salt  deposits  in  the 
Philippines,  although  none  have  been  actually  encountered.  Such  springs  are 
known  to  exist  at  Mainit,  near  the  town  of  Bontoc;  at  Asin,  near  the  boundary 
line  between  Lepanto  and  Nueva  Vlzcaya;  and  near  the  town  of  Bambang  in 
Nueva  Vizcaya.  All  of  these  occurrences  are  in  the  interior  of  northern  Luzon 
and  at  least  35  miles  from  the  coast. 

MINERAL   PAINTS. 

In  Ilocos  Norte,  as  well  as  in  many  places  throughout  the  islands,  there  are 
considerable  accumulations  of  yellow  and  red  ocher  which  should  make  a  very 
fair  article.  A  good  quantity  of  the  ground  mica  and  actinollte,  greenish  in 
color,  also  occurs;  this  might  also  be  worked  up  Into  a  fair  grade  of  paint. 

MISCELLANEOUS. 

As  I  treated  the  topic  of  asbestos  more  at  length  In  another  report  I  shall 
briefly  pass  it  over,  making  the  statement  here  that  small  amounts  of  asbestos 
have  been  found  In  Ilocos  Norte,  but  that  no  flrst-grade  variety  has  as  yet  l)een 
located.  The  quantity  so  far  in  sight  is  limited.  Some  of  the  asbestos  is 
fibrous  serpentine,  but  most  of  It  is  an  amphlbole  more  closely  designated  as 
anthophyllite.  However,  within  the  last  few  days  very  promising  specimens 
of  chrysotlle  have  been  received  from  Ilocos  Norte.  Prospecting  is  still  in 
progress. 

BRICK    AND    TILB. 

Red  brick  and  tile  are  made  near  Guadalupe,  Rizal  Province,  from  a  trans- 
ported clay  of  a  fair  grade.  The  principal  kiln  is  situated  on  the  banks  of  the 
Pasig  River.  The  methods  are  rather  crude.  The  finished  product  is  brought 
down  the  river  in  bancas  and  sold  in  Manila. 

Prices  of  brick  and  tile. 


Article. 


Dimeiisioii  In 
inches. 


Price  per 
1,000. 


Tile 

Briok 

No.  3... 

Comioe, 
Half  brick.. 


10§  X  10§  X  1 


WO  to  WOO 

22to      26 

22to      25 
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Feldspar  Is  valuable  for  glazing  purposes  in  the  manufacture  of  porcelain. 
In  Ilocos  Norte,  near  the  Caraon  River,  there  is  a  considerable  deposit  of  dis- 
integrated quartz  and  feldspar  which  could  be  used  in  the  porcelain  Industry 
and  in  the  manufacture  of  glass.  This  would  not  make  the  best  quartz  for 
glass  manufacture,  as  is  the  case  with  that  derived  from  a  pure  sand  or  a 
cmsbcMi  quartzite,  but  still  I  think  it  would  do  very  well. 

FULLER'S    EARTH. 

This  material  occurs  on  the  township  site  of  Bagnio,  Benguet 
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IfAOllBSlTB. 

Magnesite,  or  magnesium  carbonate,  Is  usually  found  along  rifts  in  serpen- 
tines and  pyroxenites.  I  have  seen  some  patches  of  it  on  Batan  Island  off  the 
Albay  coast  and  in  Ilocos  Norte,  but  none  in  commercially  valuable  quantities. 

MANGA NBSB    OBB. 

Manganese  ores  in  the  form  of  pyrolusite,  psilomelane,  and  wad  have  been 
found  in  several  parts  of  the  islands ;  in  Masbate,  in  the  Aroroy  district,  there 
is  so  much  of  it  that  it  is  mixed  through  the  vein  matter  and  causes  a  great 
deal  of  trouble  on  the  mill  plates.  In  Zambales  Province,  on  the  road  from 
Capas  to  Iba,  a  deposit  of  manganese  ore  has  been  penetrated  by  the  road,  but 
we  have  no  figures  as  to  the  quantity.  In  Ilocos  Norte  there  is  a  very  peculiar 
occurrence  of  manganese  ore,  for  it  is  found  in  this  province  as  nodules,  vary- 
ing from  half  an  Inch  to  2  and  3  inches  along  their  longest  diameters,  usually 
somewhat  flattened  rather  than  round.  These  nodules  are  found  scattered  all 
over  the  surface  over  acres  of  ground,  and  in  some  places,  in  natural  troughs 
between  hills,  they  are  concentrated  to  the  thickness  of  a  foot  or  more.  The 
deposit  is  essentially  a  blanket  of  natural  concentrates.  As  yet  no  deposits  of 
sufficient  extent  and  depth  to  be  of  certain  commercial  value  have  been  found, 
and  not  enough  development  has  been  done  to  make  a  fair  estimate  possible. 


No  sheet  mica  has  been  encountered  in  the  Philippines  up  to  the  present  time, 
but  in  Ilocos  Norte  considerable  pockets  of  a  very  triturated  mica  occur.  This 
material  could  be  used  for  lubricants,  "  frosting  *'  for  Christmas  effects,  etc., 
and  were  some  small  leaves  of  mica  to  be  found  they  could  be  united  into  larger 
sheets  of  so-called  "micanite"  and  used  for  Insulating  certain  parts  of  elec- 
trical apparatus. 

MINERAL    WATERS. 

Since  the  year  1893,  the  date  of  the  publication  of  the  work  entitled  "  Estudio 
Descriptivo  de  Algunos  Manantiales  Minerales  de  las  Fillpinas,"  by  Abella  and 
Casarriego,  Vera  and  Gomez,  and  Rosarlo  and  Sales,  considerable  work  has 
been  done  on  spring  and  mineral  waters  in  the  chemical  division,  bureau  of 
science,  but  the  results  have  not  yet  been  collected  and  tabulated.  Some  of  the 
well-known  springs  recorded  in  the  Spanish  work  are — 

1.  The  spring  of  Lanot,  near  the  town  of  Daet,  In  the  Province  of  Ambos 
Camarlnes.    This  water  contains  iron  and  carbonic  acid.    Temperature,  26°  C. 

2.  The  spring  of  Pansol,  near  Calamba,  Province  of  Laguna.  This  contains 
the  blcarbonates  of  sodium  and  potassium.    Temperature,  32**  to  43°  C. 

3.  The  spring  of  San  Mariano  de  Nagtanglang,  town  of  Pozorrublo,  Province  of 
Pangaslnan.    Temperature,  29°  C. 

4.  The  spring  of  Main  it  de  Bosoboso,  Bosoboso,  Province  of  Rizal.  This  con- 
tains sulphur,  besides  nitrogenous  matter.    Temperature,  48°  C. 

5.  The  spring  of  Mulag,  pueblo  de  Carcar,  Carcar,  Province  of  Cebu,  the 
water  of  which  Is  much  the  same  as  that  from  Bosoboso.  Temperature,  33* 
to  34°  C. 

6.  The  spring  of  Tagbag  or  Bolocboloc,  pueblo  de  Barlll,  Province  of  Cebu. 
This  contains  a  mixture  of  blcarbonates.    Temperature,  31.5°  C. 

7.  The  spring  of  Meabe,  Rancherla  Itogon,  In  the  Province  of  Benguet.  Tem- 
perature, 86°  C. 

8.  The  spring  of  Cotabato,  pueblo  of  Cotabato,  Mindanao,  and  several  others. 
Temperature,  38°  C. 

The  two  most  Important  waters  to-day  and  which  are  not  mentioned  In  this 
report,  but  In  an  earlier  one  (1890)«  are  from  Slbul  Springs,  near  the  pueblo  of 
San  Miguel  de  Mayumo,  In  Bulacan  Province,  and  the  Los  Bafios  water,  better 
known  as  "  Isuan."  Both  of  these  have  a  reputation  for  beneficial  m^lclual 
qualities.  The  Slbul  Spring  water  has  a  temperature  of  only  about  27°  C.  or 
that  of  the  air,  and  It  emits  an  appreciable  odor  of  hydrogen  sulphide.  How- 
ever, this  quickly  disappears,  as  no  trace  of  It  was  found  when  the  water  was 
examined  In  Manila.  The  report  of  the  chemist,  V.  Q.  Gana,  of  this  bureau, 
classes  it  as  nonthermal,  calcic,  alkaline,  saline. 


«Memorla  Descrlptlva  de  los  Manantiales  Minero-Medicinales  de  la  Isla  de 
Luzon,  Madrid  (1890). 
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"  Isuan  "  Is  classed  by  V.  Q.  Gana  as  a  thermal,  sodic  and  calcic,  alkaline 
saline  siliceous  bicarbonated  water.  The  good  qualities  of  this  water  have  been 
added  to  by  artificial  charging  with  gas.  At  the  spring  it  has  a  temperature 
of  91**  C. 

MISCELLANEOUS. 
PRECIOUS  STONES. 

No  stones  of  gem  quality  have  been  reported ;  however,  in  Ilocos  Norte  I  have 
seen  some  poor  specimens  of  opal  which  showed  a  little  Are.  Diligent  search 
in  this  region  might  bring  some  very  fair  specimens  to  light.  Some  small 
topazes  have  been  found  in  streams  in  Ambos  Camarines. 

PUMICE   STONB^ 

In  a  region  of  such  great  vulcanism  as  ours  we  should  find  quantities  of 
pumice ;  in  fact,  we  do  encounter  a  great  amount  of  pumice  fragments  scattered 
throughout  the  tuff  deposits  around  Manila,  but  so  far  I  have  seen  no  large 
pieces  of  it. 

THE   PEARL-SHELL    INDUSTRT. 

There  is  at  the  present  time  only  one  factory  in  the  Philippines  turning  out 
pearl  buttons  and  other  small  shell  articles.  This  is  located  in  Pandacan  on 
the  south  bank  of  the  Pasig  River.  It  has  been  in  operation  three  years  and 
a  half. 

The  shells  from  which  the  buttons  are  manufactured  come  from  Jolo,  Min- 
danao, Cebu,  and  other  southern  islands  in  the  archipelago.  They  are  bought 
in  the  open  market,  chiefly  from  Chinese,  but  some  are  obtained  from  Filipinos. 

Th^  best  quality  of  buttons  is  made  from  a  flat,  nearly  circular,  shell  8  or  9 
inches  in  diameter  and  one-half  to  three-fourths  of  an  inch  thick  (Meleagrina 
(AvictUa)  margaritifera) .  Another  shell  from  which  most  of  the  cheaper  grade 
of  buttons  are  manufactured  is  a  curved  shell  wound  in  the  form  of  a  spiral 
and  about  6  inches  in  diameter  (local  name  "carabaos"). 

The  capacity  of  the  plant  when  all  of  the  machines  are  running  is  about  200 
gross  per  day  of  buttons  of  many  different  shapes  and  sizes.  This  output 
requires  about  25  tons  of  rough  shells  per  month.  It  is  believed  that  this  output 
will  be  ample  to  supply  the  demand  for  these  islands. 

The  exact  amount  of  importation  at  present  I  have  not  been  able  to  ascertain, 
but  it  is  estimated  that  the  imports  are  from  3,000  to  5,000  gross  per  month. 

There  is  an  almost  unlimited  market  in  the  East  for  pearl  buttons,  which  are 
nearly  all  imported  from  Europe  at  the  present  time.  It  is  expected,  however, 
that  the  Philippines  will  consume  all  of  the  product  of  the  present  plant. 

The  machinery  is  all  new  and  apparently  of  the  most  improved  design.  The 
following  is  a  list  of  the  different  machines : 

1.  One  circular  saw  to  divide  the  curved  shells  into  convenient  sizes. 

2.  Twelve  tubular  saws  for  sawing  out  different  sizes  of  disks  from  the  rough 
shell. 

3.  One  emery  grinder,  fed  by  belt,  which  grinds  off  most  of  the  waste  material 
from  the  disks. 

4.  One  sorter  which  separates  the  disks  according  to  thickness.  It  consists 
of  two  inclined  cylinders,  about  4  feet  long,  close  together  at  the  upper  end  and 
about  one-fourth  inch  apart  at  the  lower  end. 

5.  Seven  grinding  machines,  where  all  of  the  waste  material  is  ground  off  the 
crude  buttons. 

6.  Twelve  machines  for  making  holes  in  the  center  of  the  button  to  receive  a 
metal  disk  and  eye. 

7.  Six  lathes  for  making  different  designs  on  the  face  of  the  button. 

8.  Four  machines  for  making  holes  through  buttons  which  are  to  be  fastened 
with  thread. 

9.  Four  revolving  polishing  barrels  into  which  the  completed  buttons  are 
charged,  together  with  pumice  stone.  These  barrels  are  about  20  inches  long 
and  12  inches  in  diameter. 

Nearly  all  of  these  machines  are  simple  in  construction  and  easy  to  operate. 

sand;  molding,  building,  etc.,  and  gravel. 

We  have  no  statistics  at  hand  in  regard  to  molding  and  building  sand  and 
gravel.  We  have  an  abundant  supply  of  building  sand  on  our  beaches;  and  in 
the  beds  of  many  rivers  we  have  an  unlimited  amount  of  gravel,  great  quan- 
titles  of  wliich  are  being  used  every  year  on  roads  and  in  c(uicrete  work.    The 
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only  sand  that  we  have  found  at  all  approaching  a  molding  sand,  which,  of 
course,  must  have  certain  properties,  is  that  occurring  as  intercalated  beds  in 
the  tuff  deposits  near  the  city  of  Batangas.  This  sand  is  very  fine  grained,  free 
from  pebbles,  and  can  be  molded  into  any  shape  desired.  I  think  the  supply  is 
unlimited. 

TALC   AND    SOAPSTONE. 

The  only  talc  that  I  hav^  so  far  seen  in  the  Philippines  comes  from  Ilocos 
Norte,  near  the  pueblo  of  Pasuquin.  It  occurs  in  irregular  pockets  with  micas 
and  the  schist  area  bordering  the  serpentine  mass.  This  talc  would  doubtless 
find  ready  application  as  a  loading  material  for  paper. 

I  have  not  seen  any  soapstone,  nor  have  I  any  rei)ort8  of  its  occurrence. 

Tripoli  has  been  found  on  the  naval  reservation  at  Olongapo. 

Metallic  Mineral  Eesonrces. 

BY   MAURICE  GOODMAN. 


Gold  Is  easily  the  first  in  importance  of  the  metallic  mineral  resources  of  the 
Philippines.  It  has  been  sought  for  and  found  in  most  of  the  provinces  of  the 
archipelago,  but  of  them  all  the  provinces  of  Benguet,  Masbate,  and  Ambos 
Camarines  are  rivals  for  first  place  in  the  metal  output  and  in  general  mining 
activity.  Numerous  claims  have  l}een  located  in  these  provinces  and  several 
corporations  have  lately  been  organized  to  develop  and  operate  a  number  of  the 
most  important  groups.  The  success  of  some  of  the  companies  which  have 
entered  the  field  is  yet  in  doubt,  while  that  of  others,  to  Judge  from  their* con- 
tinuous operation  and  constant  output,  might  naturally  be  considered  assured. 
There  are  other  corporations  which  have  not  yet  attempted  to  break  into  the 
producer  class,  but  have  exerted  their  energies  toward  developing  their  prop- 
erties and  in  blocking  out  ore.  From  the  latter  class  good  reports  are  antici- 
pated in  the  near  future.  As  the  mineral  resources  of  the  Philippines  have  been 
discussed  at  length  in  the  past  annual  reports  of  the  chief  of  the  mining  bureau, 
copies  of  which  may  be  obtained  upon  application,  it  will  be  necessary  here  to 
make  mention  of  the  later  discoveries  and  developments  only. 

Two  new  stamp  mills  have  recently  been  imported  into  the  Islands.  One,  a 
Hendy  quadruple-discharge  6-stamp  mill,  will  be  erected  in  Benguet,  and  the 
other,  a  10-stamp  mill  of  the  Risdon  type,  has  been  set  up  in  Masbate.  On  the 
other  hand,  a  10  and  a  5  stamp  mill  have  been  shut  down  in  Masbate,  so  tliat  the 
prospects  for  an  increased  output  this  year  seem  doubtful.  However,  new  dis- 
coveries have  been  made  which  promise  well  for  the  future.  At  Binanlonan,  in 
the  northern  part  of  Pangasinan,  some  rich  but  narrow  veins  of  free-milling  ore 
have  been  discovered  and  at  least  two  companies  are  engaged  In  active  explora- 
tion work  in  that  field.  Unfortunately,  internal  dissensions  have  been  inter- 
fering with  rapid  progress  in  this  district,  but  with  the  settlement  of  disputes 
the  outlook  for  the  new  mining  camp  seems  favorable. 

The  island  of  Marinduque  also  offers  a  new  but  small  field  for  the  prospector. 
Recent  discoveries  conclusively  prove  the  presence  of  gold-bearing  veins,  and 
while  no  bonanzas  have  been  encountered  the  company  most  active  in  prospecting 
the  district  declares  itself  well  satisfied  with  the  showing  thus  far  made  and  is 
prepared,  should  the  pro8r>ects  continue  favorable,  to  open  up  and  develop  its 
properties  on  a  larger  scale. 

The  gold-mining  industry  in  the  northern  Camarines  has  been  showing 
signs  of  awakened  interest  While  this  is  more  true  of  placer  than  of  quartz 
properties,  the  latter,  too,  have  recently  been  the  subject  of  negotiations  which 
have  been  successfully  concluded,  and  mining  operations  here  have  been 
resumed.  These  properties  are  reported  to  have  yielded  much  rich  ore  in  the 
past  and  were  the  only  mines  operated  with  an  approach  to  modem  methods 
during  the  Spanish  regime.  For  various  reasons  these  mines  were  abandoned 
and  are  to-day  in  such  a  condition  that  It  will  require  a  considerable  expenditure 
of  money  to  put  them  in  working  shape. 

The  most  recent  information  received  is  that  the  dredge  erected  about  May  1 
of  last  year  is  yielding  returns,  and  several  quartz  prospects  are  being  opened  up. 

The  most  interesting  and  probably  most  important  of  the  recent  discoveries 
of  gold  was  made  In  the  Suyoc  region  of  southern  Lepanto,  where  the  Igorots 
have  been  working  and  washing  gold  ore  by  the  most  primitive  methods  for  a 
hundred  years  or  more.    Many  years  ago  they  were  driven  out  of  their  richest 
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diggings  by  water,  as,  because  of  the  topography  of  the  country,  they  could  not 
work  these  places  by  their  usual  l>ooming  method.  An  American  prospector,  by 
means  of  a  drainage  tunnel,  has  recently  removed  the  water  from  one  of  these 
flooded  worljings  and  found  the  rich  ore  which  tradition  reported  to  be  present. 
A  silvery,  white  mineral  since  identified  as  calaverite  was  observed  in  associa- 
tion with  the  free  gold,  this  being  the  first  authentic  report  of  the  occurrence 
of  telluride  of  gold  in  the  Philippines.  No  report  as  to  the  extent  of  the  deposit 
or  the  average  assay  value  of  the  ore  has  yet  been  made. 

No  great  amount  of  bullion  was  produced  during  the  past  year  from  the 
placer  deposits  of  the  Philippines.  One  dredge  has  but  recently  arrived  at  its 
real  working  field,  having  been  engaged  heretofore  in  laboriously  making  its 
way  through  comparatively  poor  and  more  or  less  barren  ground.  A  New 
Zealand  syndicate  imported  a  gold  dredge  last  year  which  has  since  been  put 
together  and  floated  In  the  Paracale  River.  Another  dredge,  which  is  now 
lying  idle  in  Masbate,  may  be  transferred  to  the  Camarines  in  the  near  future 
to  assist  in  the  exploitation  of  this  rich  field. 

In  Nueva  Ecija,  ditches  and  flumes  have  been  constructed  and  everything  is 
prepared  for  a  profitable  sluicing  campaign  during  the  coming  rainy  season. 
Considerable  prospecting  has  been  done  during  the  past  year  in  the  placer  field 
of  northern  Surigao,  but  no  extensive  mining  oi)erations  have  yet  been  under- 
taken. 

COPPER. 

Scarcely  a  dollar's  worth  of  copper  has  been  produced  in  these  islands  since 
American  occupation.  Nevertheless,  this  metal  Is  readily  conceded  to  rank  next 
to  gold  in  importance  as  a  natural  asset  of  the  Philippines.  It  holds  this 
position  both  because  of  its  past  record,  and  of  its  widespread  occurrence 
throughout  the  islands,  being  a  frequent  associate  of  gold  in  the  ores.  The 
nonproduction  of  copper  of  late  years  must  necessarily  be  attributed  to  the 
absence  of  smelters  in  the  Islands  and  to  the  difficulties  of  transportation  from 
the  mountain  regions  where  the  ore  has  been  found,  to  the  nearest  port  from 
which  the  product  could  be  shipped  to  foreign  smelters.  With  the  investment 
of  a  moderate  amount  of  capital  these  difficulties  could  be  overcome,  either  by 
the  erection  of  a  funiace  near  the  mines  or  the  improvements  of  transportation 
facilities.  The  Mancayan  copi)er  mines,  which  are  the  most  important  and  best 
known  copper  deposits  in  the  Philippines,  have  lately  come  under  the  control 
of  a  local  sjmdicate  composed  of  American  and  Ekigllsh  capitalists.  This  com- 
pany has  applied  for  and  obtained  a  franchise  to  build  a  railroad  from  Man- 
cayan to  Bangar,  a  town  on  the  western  coast  of  Luzon.  If  this  road  Is  built 
a  most  important  step  toward  the  upbuilding  of  the  mineral  industry  of  the 
Philippines  will  have  been  taken,  for  not  only  is  such  a  road  of  prime  impor- 
tance to  the  interests  of  the  copi)er  company,  but  all  of  the  gold  mines  of  Suyoc 
and  northern  Benguet  will  be  benefited  by  it.  The  Mancayan  property  is  now 
being  thoroughly  examined  by  a  mining  engineer  from  the  United  States. 

Very  promising  specimens  of  the  carbonate  ores  from  eastern  Pangasinan 
have  recently  come  to  the  bureau,  but  no  authentic  reports  have  yet  been  received 
concerning  the  extent  of  the  deposits.  Similar  specimens,  but  no  more  data, 
have  been  recorded  from  Cagayan  de  Mlsamls.  Large  bowlders  of  chalcoclte 
float  carrying  very  appreciable  quantities  of  gold  and  silver  have  been  en- 
countered in  Marinduque,  but  up  to  the  present  time  the  mother  lode  has  not 
been  discovered.  Native  copper  occurring  as  a  very  thin  stringer  In  igneous 
rock  has  been  discovered  in  Masbate,  and  rich  carbonate  ores  carrying  gold  and 
silver  have  been  found  in  the  same  region. 


Native  silver  has  been  obtained  only  from  one  of  the  Suyoc  mines,  a  short 
distance  from  where  the  telluride  of  gold  was  discovered.  Some  rich  assays 
of  this  ore  have  been  made.  As  an  associate  of  gold  it  is  encountered  in  many 
ores,  but  in  most  of  them  it  occurs  only  in  inappreciable  quantities.  It  has 
been  found  with  lead  in  the  argentiferous  galena  of  Marinduque  and  Cebu, 
nmning  over  11  ounces  per  ton  in  the  former,  while  in  the  latter  the  proportion 
is  unknown,  although  it  is  reported  to  be  high. 


No  development  work  was  performed  on  any  of  the  lead  deposits  of  the 
Philippines  during  the  last  year.  The  outcrops  in  Marinduque  and  Cebu  were 
visited  by  representatives  of  the  mining  division  of  this  bureau,  but  the  lack 
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of  development  work  made  it  Impossible  to  formulate  a  conclusive  report  upon 
the  probable  importance  of  these  deposits.  A  few  of  the  gold  ores  of  the  islands 
contain  a  sufficiently  high  percentage  of  galena  to  make  it  a  factor  in  the  esti- 
mation of  the  smelting  cost  Large  specimens  of  galena  float  were  found  in  con- 
junction with  those  of  chalcocite,  mentioned  above,  but  as  already  stated,  the 
parent  lode  of  these  bowlders  has  not  yet  been  discovered.  In  Cebu  the  galena 
occurs  as  a  **  stockwork,"  in  or  closely  associated  with  an  andesite  flow. 


No  new  developments  have  taken  place  in  the  iron  industry  of  the  Philip- 
pines during  the  past  year.  In  the  Angat  region  an  improvement  in  the  con- 
ditions was  caused  by  the  termination  of  the  legal  disputes  which  had  been 
causing  more  or  less  molestation  to  the  operators  for  the  last  four  or  five  years. 
An  increased  economy  and  possible  output  may  follow  as  a  result  of  this  set- 
tlement, but  no  new  discoveries  or  modiflcations  of  the  methods  employed  are 
reported.  The  new  wagon  road  being  built  between  San  Miguel  de  Mayumo 
and  SIbul  may  prove  an  impetus  to  the  iron  smelters  of  that  district,  as  it  will 
permit  of  greater  economy  in  the  cost  of  transportation  of  the  product  from  the 
mines  to  the  railroad.  This  has  always  been  one  of  the  largest  expenses  in 
this  regfon.  Iron  ore  has  l)een  discovered  in  Marinduque,  but  under  conditions 
which  render  an  iron  industry  unlikely  in  that  island  within  the  near  future. 
Iron  ore  carrying  manganese  has  been  reported  from  near  Panopoy,  Oebu. 

TELLURIUM. 

Tellurium  in  the  form  of  calaverite  and  sylvanite  has  been  found  occurring 
in  flne  streaks  in  Benguet  and  Lepanto  ore. 


Considerable  stir  was  caused  some  months  ago  by  the  reported  discovery 
of  tin  ore  in  Mindanao.  As  such  a  discovery  had  long  been  hoped  for,  the 
statement  at  first  gained  considerable  credence.  A  brief  investigation,  how- 
ever, proved  the  news  to  be  false.  No  authenticated  discovery  of  tin  has  been 
made  in  the  Philippine  Islands. 

StatistioB. 

Compiled  by  W.  D.  SMrrn. 

Table  I. — Production  of  metallic  and  nonmetallic  tnineraUt  by  proiHnces,  in 

1907. 


Province. 

Gold. 

SUver. 

Copper. 

Iron. 

Coal. 

Clay. 

Guano.a 

Mb. 
oella- 
neous. 

Albay 

Ounce*. 

Ounces. 

Short 
tons. 

Short 
tons. 
4,545 

Amhon  09^ftrinp«i 

100 
l»3,888 

7 

Benguet 

BiiUftcan .... 

438 

Cebu 

(«) 

Booos  Norte 

(*) 

Ja  liOgunft. 

(0 

Lepan'io-Bontoc 

% 

((f) 

Sorsogon  (Masbate) 

552 



Total 

*4,540 

83 

436 

4,545 

*  A  few  hundred  tons  all  told  have  been  taken  from  various  caves  in  Rizal  and  Batanagas 
provinces. 

*  About  200  ounces  per  month  are  brought  in  by  the  Igorots  and  sold  in  Baguio.  The 
output  of  the  American  mines  was  given  in  dollars  from  which  the  number  of  ounces  was 
calculated. 

«  Worked  in  Spanish  times.    No  production,  but  vigorous  development. 

*  Small  amounts  of  manganese  and  crude  asbestos. 

*  The  natives  and  Chinese  use  a  considerable  quantity  of  kaolin  for  whitewashing. 
f  Some  silver  ore  has  been  found  but  has  not  yet  been  developed. 

'  Worked  in  Spanish  times,  now  by  Igorots.    Development  by  Americans  begun. 

*  I  have  estimated  the  total  Igorot  production  to  be  2,000  ounces.  It  is  impossible  at 
present  to  obtain  more  exadt  figures. 
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Although  the  total  production  of  metallic  and  nonmetalllc  minerals  Is  not 
large,  a  really  insignificant  quantity  when  we  consider  what  the  country  could 
and  should  produce,  it  is  well  to  include  the  record  given  in  Table  I  as  the 
beginning  of  the  future  annual  tables  of  production.  For  the  first  year  this  is 
as  accurate  a  statement  as  can  be  made.  We  hope  to  include  figures  next  year 
regarding  a  number  of  products  such  as  guano,  brick  and  tile,  lime,  etc.  The 
scattered  condition  of  these  industries,  largely  native,  makes  it  difficult  to  secure 
the  information  with  any  accuracy. 

Of  the  4,540  ounces  of  gold  which  from  actual  figures  and  estimates  make 
up  the  total,  2,540  represent  the  amount  taken  out  by  Americans  and  New 
Zealanders ;  the  remainder  represents  the  quantity  mined  by  hundred  of  Igorots 
and  sold  In  Baguio.  The  average  fineness  of  the  gold  taken  out  by  the  Ameri- 
can and  New  Zealand  operators  was  0.850.  Some  of  the  Igorot  gold  recovered 
as  nuggets  and  stringers  would  doubtless  be  finer,  but  a  certain  proportion  of 
their  gold  has  been  found  to  be  alloyed  with  copper  to  such  an  extent  that  an 
ounce  would  not  be  worth  over  $10.  It  is  to  be  regretted  that  our  figures  can 
not  to  be  more  definite,  but  this  is  our  first  attempt  at  compiling  statistics  in  the 
Philippines. 

When  it  is  remembered  that  the  Igorots  use  no  machinery  and  all  the  other 
gold,  excepting  that  which  came  from  one  dredge  set  up  last  May,  has  come 
from  2  stamp  mills  of  3  and  10  stamps,  respectively,  which  latter  have  been 
set  up  hardly  more  than  a  year,  and  when  it  is  recalled  that  all  the  properties 
are  as  yet  doing  little  more  than  development  work,  the  outlook  is  encour- 
aging. 

Silver  is  as  yet  practically  a  negligible  quantity.  All  the  iron  produced 
comes  from  one  furnace,  owned  and  operated  by  a  native,  and  the  methods  are 
of  the  crudest.  The  coal  industry  is  still  in  the  first  stages,  but  to  Judge  from 
the  ac^ve  exploration  going  on  in  two  districts,  next  year's  figures  should  show 
a  material  increase. 

The  Igorots  of  Lepanto-Bontoc  manufacture .  many  domestic  articles  from 
the  copper  which  they  mine  themselves.  The  amount  is  extremely  variable 
and  almost  negligible. 

There  are  at  present  5  stamp  mills  in  the  island,  3  in  Benguet  and  2  in 
Masbate.  The  largest  has  10  stamps  of  900  pounds  each.  One  dredge  is  in 
operation  in  the  Camarines  and  1  temporarily  shut  down  in  Masbate. 

Up  to  June,  1907,  1,601  lode  claims  and  533  placer  claims  had  been  filed;  of 
these,  1  lode  claim  has  been  patented,  14  have  been  surveyed  and  are  now  ready 
for  patent,  and  6  placer  claims  have  been  surveyed  and  are  also  ready  for 
patent.  Three  hundred  and  thirty-eight  coal  claims  have  been  filed  up  to  the 
present  time ;  of  these,  3  have  been  patented. 


EXHIBITS. 

EiXHIBIT   A. 

Mining  and  Geological  Notes  on  a  Portion  of  Northwestern  Mindanao. 

By  H.  M.  IcKis. 

The  territory  considered  in  this  article  lies  to  the  south  and  east  of  Maka- 
Jalar  Bay  on  the  northwest  coast  of  Mindanao. 

The  largest  settlement  is  the  town  of  Cagayan,  the  capital  of  the  province  of 
Misamis,  which  is  situated  on  the  right  bank  of  the  river  of  the  same  name  and 
about  3  miles  from  its  mouth.  The  recently  created  subprovince  of  Bukldnon 
has  taken  from  Misamis  Province  nearly  all  the  back  country  which  is  inhab- 
ited by  non-Christians,  leaving  to  Misamis  only  a  narrow  strip  along  the  coast, 
peopled  by  Visayans.  The  inhabitants  of  the  interior  are  harmless  and  peace- 
able; they  are  termed  "Monteses'*  or  *'Bukidnons"  (''mountain  men"). 
Travel  or  prospecting  can  be  carried  on  without  molestation. 

The  low  bottom  land  In  the  vicinity  of  Cagayan  extends  from  1  to  4  miles 
back  from  the  seashore,  where  there  is  an  abrupt  rise  to  an  elevation  of  300 
to  500  feet  and  thence  a  gradual  rise  to  the  southward.  The  streams  flow  in  a 
general  northerly  direction  through  deep,  narrow  canyons  until  they  strike  the 
low  coastal  plains.  These  canyons  are  seldom  less  than  300  and  are  some- 
times nearly  if  not  quite  1,000  feet  in  depth,  the  walls  being  either  vertical  or 
vary  Bteep. 
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At  a  distance  this  whole  regiou  appears  to  l>e  an  unbrolsen  tableland  rising 
gradually  from  the  first  elevation  of  300  feet  or  more  to  2,000  feet  at  the  divide 
between  the  Pulangui,  or  Rio  Grande  de  Mindanao,  which  flows  south  to  lUana 
Bay,  and  the  streams  flowing  north  into  Makajalar  Bay.  However,  as  the 
country  is  traversed,  all  the  small  branches  of  the  rivers  are  found  to  be 
engorged. 

The  practical  topographic  features  are,  therefore,  first,  a  low,  narrow,  coastal 
plain ;  then  a  table-land  rising  to  an  elevation  of  2,600  feet  at  the  divide,  thence 
sloping  gradually  down  to  1,700  feet,  and  finally  dropping  rapidly  to  the  valley 
of  the  Pulangui  at  an  elevation  of  1,100  to  1,200  feet.  The  table-land  extends 
along  the  sea  from  Tagaloon  to  Iponan,  a  distance  of  approximately  20  miles. 
The  easteiTi  limit  Is  marked  by  Tagaloon  and  the  lower  reaches  of  the  Suaga 
River.  On  the  west  the  table-land  Is  limited  by  a  range  of  mountains  extend- 
ing from  Mount  Kotunlod  through  Manlqul  to  Plgtao  on  the  Iponan  River,  and 
on  the  south  by  Mount  Kotunlod  and  the  Pulangui  River  Valley.  A  lofty. 
Igneous  range  of  mountains,  which  Includes  at  least  one  volcanic  cone,  lies  to 
the  northeast  around  the  headwaters  of  the  Pulangui  River.  Mount  Kotunlod 
and  Mount  Kalatungan  to  the  south  are  volcanoes  estimated  to  be  6,500  to 
7,000  feet  above  sea  level;  the  Malapalay  and  the  Cagayan  rivers  rise  from 
between  these  two  mountains,  the  former  flowing  southward  to  the  Pulangui 
and  the  latter  westward  to  Malcajalar  Bay.  The  higher  ranges  are  all  wooded, 
but  the  table-lands  and  valleys  are  grassy,  with  only  scattering  inyam  (Antl- 
desma)  trees. 

The  north  and  west  portions  of  the  tableland  consists  of  conglomerate  beds 
which  are  sometimes  capi)ed  with  limestone;  where  this  limestone  appears, 
smooth  grassy  hills  rise  above  the  surrounding  plain,  and  occasionally  white 
cliffs,  visible  for  a  great  distance,  are  seen.  The  conglomerate  beds  themselves 
are  composed  of  andesltlc  and  basaltic  bowlders,  cemented  together  with  mate- 
rial of  the  same  nature. 

The  tableland  at  Maniqui,  15  miles  south  of  Cagayan,  Is  terminated  by  a  nar- 
row strip  of  coral  limestone  which  lies  between  the  conglomerate  beds  and  the 
Igneous  range  to  the  southward.  Manlqul  Creek  Is  a  branch  of  the  Iponan 
River,  but  it  rises  and  flows  for  some  distance  very  close  to  the  Cagayan. 
Where  It  strikes  the  strip  of  limestone  mentioned  above,  the  water,  except  in 
the  time  of  flood,  sinks  in  and  follows  some  underground  channel,  leaving  a  dry, 
narrow  canyon  with  vertical  limestone  walls.  In  this  limestone  area  there  are 
many  depressions  which  have  no  natural  surface  drainage,  but  only  an  under- 
ground outlet. 

The  Igneous  hills  at  Maniqui  consists  of  andeslte  porphyry,  but  the  stream 
beds  show  a  variety  of  Igneous  bowlders,  among  which  tough,  fine-grained,  dark- 
colored  rocks  predominate.  There  are  also  some  nonmineralized  quartz  bowl- 
ders of  many  of  pure  magnetite. 

Washings  of  the  gravel  showed  a  large  amount  of  black  sand  and  occasionally 
small  colors  of  gold,  but  it  is  not  probable  that  placer  mining  would  l>e  profit- 
able in  this  region.  The  Monteses  wash  a  small  amount  of  gold  from  the  gravel 
in  the  bed  of  the  Cagayan  River  and  from  the  small  swales  and  gullies  In  the  con- 
glomerate where  the  elements  have  concentrated  the  gold,  which  doubtless  occurs 
in  small  quantities  throughout  the  conglomerate  beds.  The  gravel  beds  of  the 
Cagayan  River  are  extensive  and  they  have  never  been  thoroughly  tested.  It 
is  possible,  but  hardly  probable,  that  they  contain  gold  in  paying  quantities. 

Copper  has  been  rei)orted  from  Manlqul,  and  several  short  tunnels  have  been 
run  In  the  effort  to  disclose  deposits  of  copper  ore,  but  apparently  without  suc- 
cess. Small  pieces  of  the  copper  carbonates,  malachite,  and  azurite  occur  as 
float  and  In  small  stringers  in  the  andeslte,  but  It  is  believed  that  no  lode  or 
deposit  of  value  has  ever  been  found.  Back  of  Agusan  and  Tagaloon  the  con- 
glomerate beds  are  continuous  to  the  Manglma  River,  which  flows  into  the 
Tagaloon  some  12  miles  from  the  coast. 

Between  the  Manglma  and  the  Kalaman,  another  branch  of  the  Tagaloon,  is 
a  small  mountain  composed  of  schist  capped  with  300  to  400  feet  of  limestone. 
The  schist  beds  strike  northeast  sloping  15°  to  35°  to  the  southeast  and  the 
limestone  Is  unconformable  with  It,  but  also  slopes  slightly  to  the  southeast. 
Many  small  stringers  of  quartz  are  to  be  seen  in  the  schist,  but  none  were  ob- 
served more  than  a  foot  In  width.    The  quartz  Is  not  mineralized. 

Gold  colors  were  obtained  by  washing  the  sands  of  the  Manglma,  but  aside 
from  surface  washings  no  attempt  was  made  to  test  the  gravel.  The  stream  Is 
swift  and  the  gravel  contains  many  large  bowlders,  so  that  the  working  of  any 
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deposit  on  a  commercial  scale  would  be  difficult.  However,  there  Is  a  possi- 
bility that  workable  veins  of  gold-bearing  quartz  occur  on  the  western  slope  of 
this  mountain. 

The  tableland  of  conglomerate  beds  continues  beyond  the  Calaman,  but  at 
the  crossing  of  a  small  branch  of  the  Atugon  River,  called  Tabalo  Creek,  the 
deep-seated  underlying  rock  is  exposed.  It  is  a  dark  colored,  coarse-grained 
porphyry  containing  phenocrysts  of  mica  and  of  feldspar  up  to  one-half  inch  in 
l^igtb.  A  short  distance  southeast  of  this  place  the  Atugon  River  falls  over  a 
cliff  50  to  70  feet  high,  formed  of  columnar  basalt. 

The  Suaga  River  flows  through  a  small  canyon  of  solid  basalt  at  Oroquieta, 
commonly  known  as  Malaybalay,  the  capital  of  the  subprovince  of  Bukidnou. 
Flow  lines,  scoriaceaous  material,  and  columnar  structure  are  all  absent.  Shale 
appears  in  the  hills  about  a  mile  east  of  Oroquieta.  Only  basaltic  bowlders 
were  observed  from  Oroquieta  to  Sevllla  on  the  bank  of  the  Pulangui;  but 
there  is  little  doubt  but  that  the  underlying  rock  is  solid  basalt  derived  from 
Mount  Katunlod. 

The  mountains  to  the  westward  of  the  Suaga  and  the  Pulangui  rivers  are  of 
an  entirely  different  character,  being  rough  and  irregular  in  outline  and  cov- 
ered with  a  heavy  growth  of  timber.  Mount  Panacion,  situated  2  miles  south- 
east of  Linabo,  is  composed  of  andeslte-porphyry  capped  with  300  to  400  feet 
of  unstratlfled  limestone.  Limestone  cliffs  are  visible  farther  to  the  southeast 
and  from  the  evidence  presented  by  bowlders  in  the  Pulangui  and  the  appear- 
ance of  the  hills  themselves,  it  Is  believed  that  a  large  part  of  the  territory 
drained  by  the  headwaters  of  the  Pulangui  consists  of  andeslte-porphyry  and 
deep-seated,  igneous  rocks,  overlain  in  places  by  limestone. 

The  gravel  l>eds  along  the  Pulangui  River  are  extensive  and  so  far  as  could 
be  ascertained  they  are  well  adapted  to  dredging  operations.  Promising  colors 
were  obtained  by  washing  tlie  surface  gravel  near  Sevllla  in  a  gold  pan.  It  is 
believed  that  these  gravel  beds  are  worthy  of  careful  investigation  by  pros- 
pectors who  have  testing  machines  or  are  equipped  to  sink  test  pits. 

The  headwaters  of  this  river  also  afford  a  virgin  field,  since  no  prospector  or 
miner  has  ever  been  known  to  visit  the  region.  Gold  Is  known  to  occur  in  the 
river  gravels,  and  the  rock  Is  of  a  nature  favorable  for  the  formation  of  min- 
eral deposits.  At  the  present  time  transportation  Is  a  difficult  problem,  but  It 
Is  expected  that  a  wagon  road  will  soon  be  constructed  from  Agusan  to  the 
Pulangui  River. 


EbCHIBIT  B. 

Xining  Prospects  on  and  Hear  the  Zamboanga  Peninsula,  Mindanao. 
By  Warren  D.  Smith. 

BRIEF  SUMMARY  OF  THE  GEOLOGY. 

Up  to  the  present  time  we  have  been  Indebted  to  the  famous  traveler  and 
geographer,  Ferdinand  V.  Richthofen,  recently  deceased  In  Berlin,  for  all  we 
know  of  the  geology  of  this  particular  part  of  the  world.  Von  Richthofen*s 
contribution  to  the  geology  consisted  chiefly  In  the  flndlng  of  nummulltlc 
(Eocene)  limestone  In  a  piece  of  ** float"  In  the  neighborhood  of  Zamboanga. 
The  period  and  conditions  then  prevailing  In  the  country  made  It  Impossible 
for  him  to  do  more.  Owing  to  even  more  unfavorable  conditions,  Mr.  George 
F.  Becker,  who  accompanied  General  Otis  In  his  military  operations  in  1898, 
was  prevented  from  carrying  on  any  geologic  studies. 

The  fact  that  the  writer  has  been  able  recently  to  obtain  some  new  data  is 
due  solely  to  circumstances.  The  country  is  at  peace  and  every  facility  of  an 
extremely  efficient  military  organization  has  l>een  brought  to  aid  in  this  work. 
There  are  still  many  obstacles  to  overcome,  but  these  only  time  and  good  gov- 
ernment can  remedy. 

The  Zamboanga  Peninsula  owes  its  existence  to  a  sharp  bowing  up  of  the 
strata  along  a  northeast  and  southwest  line.  Ck)nsiderable  metamorphism  Is 
to  be  found  as  the  result  of  intense,  lateral  compression,  and  therefore  It  is  diffi- 
cult to  give  the  exact  original  succession  of  strata.  With  the  exception  of  a 
very  pronounced  development  of  schists  along  the  axis  of  the  peninsula,  the 
formations  are  almost  identical  with  those  of  the  middle  and  northern  portions 
of  the  archlpcdago. 
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It  as  we  have  every  reason  to  believe  to  be  the  case,  the  coal  measures  have 
been  included  In  the  same  compressive  movements  as  those  which  gave  origin 
to  the  schists,  a  most  favorable  condition  Is  at  liand  for  the  formation  of  bitu- 
minous coal.  The  real  structure  of  the  peninsula  is  not  revealed  until  the 
explorer  has  penetrated  10  miles  or  more  into  the  interior,  as  a  recent  lara 
capping,  which  Is  partially  cut  away  by  the  streams  and  which  borders  the 
coast,  conceals  the  foundation  rocks. 

At  this  stage  of  mineral  exploration  in  the  Zamboanga  Peninsula,  which  noay 
be  said  to  be  but  scarcely  begun,  there  are  only  two  subjects  which  warrant 
mention ;  these  are  the  Sibuguey  coal  deposit  and  the  Tumaga  gold  prospect. 
I  shall  discuss  the  latter  first. 

TUMAGA   RIVF.B  GOLD    PROSPECT. 

Gold  has  been  found  about  25  miles  north  of  Zamboanga.  It  is  encountered 
in  a  sticky,  yellow  clay,  the  upper,  weathered  portion  of  the  underlying  schists, 
but  apparently  only  in  very  moderate  quantity.  Its  original  situation  was  the 
quartz  stringers  in  the  schist  No  veins  large  enough  to  work  have  been 
located.  The  only  api)arently  profitable  method  of  working  such  placer  ground 
would  be  by  hydraulic  means,  and  as  the  city  of  Zamboanga  is  at  present  and 
probably  will  for  some  time  to  come  be  dependent  upon  this  river  for  its  water 
supply,  there  would  undoubtedly  be  serious  objections  to  this  mode  of  procedure. 

Three  or  four  Zaml>oanga  prospectors  sluiced  very  industriously  in  this 
region  for  over  a  year,  but  apparently  did  not  secure  a  great  deal  to  repay 
them.  Prospecting  for  a  main  lode  should  be  continued,  but  placer  ground 
should  be  sought  nearer  the  mouths  of  the  streams,  where  dredging  might  be 
done.  For  some  time  to  come  all  thought  of  accomplishing  much  in  the  interior 
of  the  peninsula  will  need  to  be  given  up,  owing  to  absolute  lack  of  roads  and 
to  the  topographic  conditions  which  will  make  their  building  extremely  costly. 

THE   SIBUGUBT   COAL  DEPOSIT. 

Although  not  strictly  on  the  Zamboanga  Peninsula,  the  coal  deposits  on  the 
Sibuguey  River  are  sufficiently  close  to  be  considered  here.  A  complete  in- 
spection of  the  deiKJslts  could  not  be  made  In  a  short  time,  but  enough  was 
seen  to  show  that  exceptionally  favorable  conditions  obtain  In  this  locality,  and 
it  is  the  Intention  of  the  mining  division  to  carry  on  a  thorough,  detailed  exami- 
nation of  this  deposit  as  soon  as  a  party  is  available.  All  that  can  be  said 
now  Is  that  for  outcrop  coal  that  of  Sibuguey  has  better  appearance  than  any 
other  so  far  found  in  the  archipelago  which  has  been  investigated  by  the  divi- 
sion of  mines. 

Water  transportation  to  the  mine  mouth,  a  distance  not  exceeding  13  miles, 
is  perhaps  the  next  most  favorable  condition.  The  topography  of  the  country 
is  very  regular  and  with  little  relief,  and  the  elevation  above  sea  level  not  over 
150  feet.  The  seams  have  a  westerly  Inclination,  varying  from  23*  to  45**. 
Timber  is  plentiful  In  the  neighborhood  of  the  workings.  Perhaps  the  least 
favorable  feature  is  the  matter  of  an  anchorage.  A  more  careful  survey  of 
the  bay  may  reveal  suitable  moorings  for  ships  while  loading. 

It  is  not  improbable,  to  Judge  from  the  nature  of  the  geology  of  the  Zam- 
boanga Peninsula,  that  a  very  good  bituminous  coal  will  be  found  nearer 
Zamboanga,  and  it  is  not  entirely  without  the  bounds  of  possibilities  that 
anthracite  may  one  day  be  discovered.  The  formation  of  anthracite  is  not 
altogether  dependent  upon  age,  but  is  also  largely  the  result  of  the  degree  of 
metamorphism,  the  chief  factors  of  which  are  pressure  and  heat.  It  can  be 
seen  even  from  a  very  cursory  examination  of  the  formations  that  the  meta- 
morphism of  the  rocks  In  this  region  has  been  very  intense. 


Exhibit  C. 

Summary  of  the  Chief  Characteristics  of  Philippine  Ores. 

By  Wakren  D.  Smith. 

Up  to  this  time  very  little  has  been  said  concerning  the  character  of  Philip- 
pine ores,  If  we  except  scattered  notes  and  reports.  One  reason  for  this  is 
tliat  even  now  very  little  is  known.  In  order  to  present  the  question  in  con- 
crete form,  I  shall  briefly  state  some  of  the  more  important  features  connected 


MINEBAL,  RESOURCES,   MIlTES,  AND   MINING.  81 

with  Philippine  ore  deposits  as  we  now  know  them.  The  chief  copper  ores 
are  those  of  I^epanto,  Luzon.  They  are  sulpha rsenates.  There  appear  to  be  no 
appreciable  amount  of  sulphides  in  the  workings  so  far  as  can  be  ascertained 
at  the  present  time.  There  are  Indications  that  the  enargite  is  due  to  secondary 
enrichment. 

The  veins  are  more  or  less  irregular.  The  chief  gangue  mineral  is  quartz.  The 
gold  which  comes  from  this  region  is  probably  associated  with  pyrite,  which  is 
present  In  greater  or  less  quantity.  The  veins  are  thought  to  be  due  to  con- 
traction in  the  cooling  mass  of  trachyte,  where  they  are  now  found,  and  they 
are  not  considered  to  be  typical  fissure  veins. 

The  gold  ores  in  the  Benguet  region  are  partially  free  milling,  but  for  the 
most  part  refractory.  The  cyanide  process  is  being  used  at  one  mine,  but 
there  are  certain  local  features  which  will  necessitate  slight  modifications  to 
suit  special  conditions.  One  trouble  experienced  In  amalgamation  In  both 
Benguet  and  Masbate  is  the  presence  of  oxides  of  manganese.  These  cause 
no  Inconsiderable  annoyance. 

The  ore  relations  in  both  Benguet  and  Lepanto  point  to  deposition  from 
ascending  water,  and  in  Benguet  several  promising  properties  are  located  along 
the  contact  between  the  basalt  diorite  and  the  andesitic  extruslves.  It  is  fully 
expected  that  future  geologic  work  in  the  district  will  establish  some  definite 
relations  which  will  be  of  very  practical  value  to  the  mining  men.  In  Benguet 
BO  system  of  fissurlng  has  so  far  been  worked  out,  and  this  will  be  one  of  the 
first  features  of  the  work  to  be  undertaken  there. 

However,  In  Masbate,  a  very  regular  series  of  parallel  fissure  veins  has  been 
noted,  and  these  are  now  being  mapped  on  an  accurate  topographic  map.  These 
veins  have  a  northwest  and  southeast  course  across  the  country.  They  are 
generally  faulted  along  one  contact.  Brecclatlon,  and  later  mineralization, 
have  been  noted  as  quite  common  in  the  district. 

We  have  In  the  Philippines  great  quantities  of  black  sand,  which  is  found  to 
contain  hornblende,  pyroxene,  magnetite,  llmenlte,  rutlle,  platinum  In  small 
quantities,  and  not  Inconsiderable  percentages  of  gold.  The  gold  Is  free,  but 
In  so  finely  divided  a  state  that  the  method  of  recovery  will  be  largely  a  phys- 
ical one.  E}xperlments  are  now  being  carried  on  here  by  the  chemical  division, 
and  In  the  field  some  New  Zealand  operators  are  studying  this  material. 

Tellurium  was  Identified  by  this  division  some  time  ago.  It  Is  said  by  a 
reputable  engineer  of  Benguet  Province  to  occur  in  the  characteristic  form 
which  It  assumes  in  Colorado — that  Is,  in  fine  streaks  and  stringers.  Irregular 
In  the  gangue.  There  does  not  seem  as  yet  to  be  any  very  Important  develop- 
ment of  this  mineral.  It  is  very  interesting  to  note  that  Just  adjoining  the 
telluride  zone,  which  is  of  very  limited  dimensions,  a  2-foot  vein  of  ore  assaying 
as  high  as  $50  to  the  ton  has  been  observed  on  one  claim. 

Silver  in  particularly  noteworthy  quantity  has  not  yet  been  found.  Although 
some  free  silver  is  reported  from  Lepanto,  most  of  the  metal  which  was  known 
in  Spanish  days  came  In  argentiferous  galena. 

These  are  the  bald  statements  of  the  facts  as  we  now  know  them.  It  would 
be  decidedly  premature  to  discuss  them  more  in  detail  In  the  present  state  of 
our  luiowledge  of  the  field  and  Its  problems. 


Exhibit  D. 

Summary  of  the  Chief  Characteristics  of  Philippine  Coals. 

By  Alvin  J.  CJox  (from  the  Chemical  Laboratory,  bureau  of  science,  Manila,  P.  I.) 

The  subject  of  Philippine  coal  Is  of  great  Importance  to  these  islands.  Al- 
though coal  occurs  so  abundantly  In  this  archipelago,  Philippine  coal  Is  used 
only  sparingly  as  a  fuel.  It  has  been  employed  on  the  small  vessels  plying 
along  the  coast  with  fairly  satisfactory  results,  but  largely  owing  to  the  unde- 
veloped condition  of  the  mines  and  the  difficulty  of  transportation  it  has  come 
very  little  Into  competition  with  the  coal  Imported  from  Japan  and  Australia. 
As  a  result,  the  development  of  commercial  industries  is  handicapped  by  the 
high  price  of  fuel.  In  view  of  this  fact  efforts  have  been  made  to  foster  coal 
production  in  the  Islands.    Mr.  W.  D.  Smith «  has  made  geologic  studies  of 

•  Bull.  Mln.  Bur.,  ManUa  (1908),  5;  Phil.  J.Sc,  Sec.  A,  (>en,  Scl.  (1907),  2,  377. 
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some  of  the  more  important  coal  fields  and  I  ^  have  hivestigated  the  quality  and 
means  of  utilization  of  the  coal  from  as  many  representative  sources  as  could 
be  obtained. 

The  oldest  and  largest  deposits  of  Philippine  coal  known  are  on  Batan 
Island,  Cebu,  and  Polillo,  although  coal  occurs  in  greater  or  less  quantity  In 
Negros,  Mindoro,  Masbate,  Samar,  Surigao,  Zamboanga,  Tayabas,  Rizal,  Le- 
panto-Bontoc,  Nueva  Vizcaya,  etc. 

The  Philippine  coal  deposits  resemble  those  of  black  lignite,  but  are  superior 
to  the  ordinary  lignite  in  every  respect.  It  is  rather  the  exception  for  these 
coals  to  have  a  brownish  color,  and  they  seldom  show  a  woody  structure.  In 
appearance  they  are  usually  black  and  shiny,  much  resembling  bituminous  coal, 
but  generally  have  a  slightly  lower  calorific  value  than  the  latter.  On  the  other 
hand,  they  have  a  much  higher  calorific  value  than  ordinary  brown  lignite.  The 
name  "  subbituminous  "  best  describes  this  coal  since  it  conveys  the  most  ac- 
curate idea  of  its  nature  and  value.  So  far  as  is  definitely  known,  all  Philippine 
coals  are  noncokiug.  Although  I  have  investigated  coals  from  every  available 
authentic  source,  not  a  single  sample  of  coking  coal  has  been  found  among  them. 
A  few  samples  from  time  to  time  have  shown  incipient  coking,  and  recently  one 
said  to  be  from  near  Cebu,  Cebu,  has  been  brought  in  which  gives  a  coke  having 
the  appearance  of  being  a  good  quality.  This  may  be  the  beginning  of  a  sufficient 
supply,  and  perhaps  in  the  deeper  beds  coking  coal  may  be  abundant.  The  Im- 
portance of  such  a  discovery  will  at  once  be  recognized  when  it  is  remembered 
that  both  iron  and  copper  occur  in  the  Philippines.  I  have  tried  to  make  coke 
from  the  incipient  coking  coal  by  variously  treating  it  with  heavy  hydrocarbon 
compounds,  but  without  success. 

The  quality  of  the  Philippine  coal  will  be  shown  by  the  following  represaita- 
tive  analyses : 

Table  1. — Representative  analyses  of  Philippine  coal.^ 


Source. 


Moisture. 

Volatile 
combusti- 
ble matter. 

Fixed 
carbon. 

Ash. 

Per  cent. 

Percent. 

Percent. 

Percent. 

15.41 

39.46 

41.01 

4.12 

7.44 

35.26 

44.81 

2.49 

16.70 

35.10 

43.92 

4.28 

aeo 

36.95 

61.76 

2.70 

9.97 

37.94 

46.29 

6.80 

6.90 

39.29 

48.82 

6.00 

15.90 

35.44 

34.37 

14.29 

15.35 

46.26 

32.24 

6.16 

15.24 

45.38 

36.36 

3.02 

Sulphur. 


Batan  Island: 

Bett's 

Military  reservation 
Cebu: 

Near  Carmen 

Compoetela 

Danao 

PoUUo 

Negros 

MIndoro 


Percent, 
0.72 
.26 

.67 
.71 
.8 


•These  analyses  wpre  made  by  the  "  smoklng-off  method."  (Phil.  J.  Sc,  Sec.  A.  Gen. 
Sci.  (1907),  2,  41.)  The  empirical  methods  usually  employed  for  the  analyses  of  coals  are 
not  applicable  to  those  of  the  Philippines,  owing  to  cortaln  peculiarities  of  the  latter.  The 
analyses  as  carried  on  by  the  "official  method"  (J.  Am.  Chem.  Soc.  (1899),  21,  1116) 
Indicate  Philippine  coal  to  be  of  a  much  poorer  quality  than  is  actually  the  case. 

Barring  diluents,  water,  aSh,  and  sulphur,  it  is  surprising  what  a  general 
uniformity  there  is  in  all  Philippine  coal,  and  this  fact  suggests,  if  no  other 
reason  were  apparent,  that  it  was  all  bedded  under  about  the  same  conditions. 
•  How  best  to  utilize  the  coal  deposits  of  this  country  is  a  question  which  has 
long  attracted  attention ;  however,  but  little  progress  has  been  made  toward  its 
solution.  I  am  at  present  carrying  on  some  actual  steaming  tests  under  the 
boiler  with  as  many  coals  as  are  available  from  representative  sources.  These, 
although  not  in  all  cases  wholly  satisfactory,  are  encouraging.  They  were  all 
compared  with  Australian  coal  purchased  by  the  bureau  of  supply  on  circular 
proposal  No.  248,  and  used  as  a  fuel  by  this  bureau.  This  coal  is  "  double 
screened  and  picked  twice."  The  contract  price  delivered  at  Manila,  piled  in 
the  coal  sheds  and  yards  of  the  civil  government,  is  "PIO.TS  per  ton  of  2,240 
pounds. 


«  Phil.  J.  Sc.  (1906),  1,  877;  Ibid.,  Sec.  A,  Gen.  Sci.  (1907),  2,  41  and  400. 
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In  considering  the  following  data  it  must  be  remembered  tliat  the  samples  of 
Philippine  coal  were  used  as  they  came  from  the  mine  and  were  neither 
scre^ied  nor  picljed. 

Table  2. — Steaming  testa  of  Philippine  compared  with  Australian  coal  as  unity. 


Outcrop 

ooal  from 

Batan 

Island. 


Coalfield 

of  Danao, 

Cebu. 


Military 
reserva-    . 
tion.  Batan 
Island. 


Theoretioal  heat  value  as  determined  in  the  calorimeter 
Actual  steaming  yalue  vrhen  burned  imder  the  boiler. . . 
Efficiency  from  the  standpoint  of  the  actual  heat  value. 


Percent. 

m 


91 


Percent. 
91} 
84 
92 


Percent. 

I? 

771 


The  loss  of  heat  In  the  use  of  the  Philippine  coal  was  for  the  greater  part 
through  the  smokestack,  although  a  certain  amount  was  due  to  fine  coal  falling 
through  the  grate.*    The  following  data  will  show  these  facts: 

Table  3. — Flue  temperature  when  various  coals  were  humed. 


Australian 
coal. 


Batan 
Island 
coaL 


Danao, 
Cebu,  coal. 


MiUtary 
reserva- 
tion, Batan 
Island, 
coaL 


Average.. 
Ifaximum 
Minimum. 


360 
435 
330 


440 
604 
400 


•c. 


454 
391 


413 
468 
385 


Table  4. — Relative  loss  of  combustiUe  matter  in  ash. 


Australian 
coaL 

Batan 
Island 
coal. 

Danao, 
Cebu  coal. 

MlUtary 
reserva- 
tion, Batan 
Island 
coal. 

13.3 
22.32 
2.97 

6.1 

28.9 

1.8 

18.8 

Percentage  of  combustible  matter  in  total  refuse 

Percentage  of  combustible  matter  of  coal  lost 

36.5 

04.5 

6.88 

a  Estimated. 

It  has  several  times  been  reported  to  me  that  Philippine  coal  bums  exceed- 
ingly well  when  mixed  with  a  certain  proportion,  say  30  per  cent,  of  Australian 
coal  or  even  slack.  This  condition  would  be  anticipated.  The  effect  is  probably 
entirely  physical.  The  Australian,  which  is  a  coking  coal,  would  help  to  sinter 
together  and  retard  the  escape  of  the  light  particles  of  the  noncoking  native 
coal  until  combustion  could  he  effected  in  the  range  of  the  water-heating  sur- 
face of  an  ordinarily  constructed  boiler. 

The  comparison  of  the  theoretical  and  the  actual  ratios  in  Table  2  is  very 
satisfactory  when  all  the  facts  are  considered.  The  fuel  was  all  fired  in  the 
gridiron-grate  furnace  of  this  bureau,  for  which  the  usual  fuel  is  Australian 


•There  is  an  exception  in  the  case  of  the  sample  from  the  military  resen'atlon, 
Batan  Island.  This  sample  had  evidently  lain  in  the  tunnel  since  the  shutting 
down  of  the  mine  a  few  years  ago  and  was  thoroughly  silted  over,  whereby  the 
normal  ash  content  of  the  coal  was  certainly  increased  6  or  7  per  cent.  It 
clinkered  badly  and  required  much  working  to  keep  the  grate  free.  There  was 
a  consequent  loss  of  beat 
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coking  coal ;  In  fact  it  is  especially  suited  to  and  designed  for  the  consumption 
of  coal  of  this  class.  It  is  probable  that  a  more  satisfactory  grate  could  be 
used  for  native  coal,  and  I  am  convinced  that  a  saving  would  follow  by  the  use 
of  a  different  style  of  furnace.  Without  doubt  much  can  be  done  in  furnace 
construction  by  securing  the  proper  fire  box  and  grate  to  insure  more  complete 
combustion  of  the  coal  and  more  perfect  abstraction  of  the  heat  from  the  hot 
gases.  A  furnace  with  a  short  fire  box,  planned  for  a  high-grade  steaming  coal 
which  bums  with  a  short,  hot,  smokeless  flame,  is  entirely  unsuited  to  Philip- 
pine coal.  The  fire  box  must  be  greatly  lengthened,  or  else  a  considerable  por- 
tion of  the  fuel  value  of  the  volatile  combustible  matter,  which  approaches  50 
per  cent,  will  be  lost. 

It  is  worthy  of  mention  that  few  of  the  Philippine  coals  form  clinker;  gen- 
erally they  are  easily  fired  and  bum  well.  This  was  the  characteristic  tenor 
of  the  reports  of  the  ofllcers  in  charge  of  the  U.  S.  Army  transports  Chukong, 
8(wramento,  and  Palawan,^  when  trials  were  made  of  the  coal  from  Batan 
Island. 

Granting  the  usefulness  of  Philippine  coal  for  steaming  purposes,  there  are 
other  points  to  consider,  namely,  the  economy  and  the  preservation  of  the  supply. 
In  developing,  opening  up,  and  working  the  mines  there  Is  always  a  large  amount 
of  outcrop  coal  and  slack  that  is  unsuited  for  steaming  purposes  and  which  for 
sake  of  economy  should  be  used.  Recently  experiments  with  a  producer  gas 
plant*  have  given  unusually  promising  results.  It  was  at  first  thought  impos- 
sible to  use  poor  coals  in  a  gas  producer  to  develop  gas  for  a  gas  engine,  but 
lignites  worked  well  and  the  gas  had  as  high  a  calorific  value  as  that  from  any 
other  coal  which  was  used. 

Mr.  M.  R.  Campbell,*^  a  member  of  the  committee  in  charge  of  the  producer 
experiment  says :  "  In  every  case  the  power  produced  by  one  pound  of  coal  in 
the  producer  is  many  times  the  power  produced  by  the  same  amount  of  coal  in 
the  steam  plant.  The  ratios  of  these  results  run  from  1.96  to  3.34 ;  that  is,  the  • 
very  best  West  Virginia  coal  yielded  practically  three  and  one-third  times  the 
amount  of  power  when  used  in  the  producer  that  it  did  in  the  steam  plant,  and 
the  very  poorest  coal  yielded  in  the  producer  practically  double  the  amount  of 
power  that  it  did  in  the  steam  plant." 

The  committee  in  charge  remark  <*  that  a  simple  engine  was  used  in  making 
the  boiler  tests.  The  efficiency  of  these  tests  might  have  been  increased  by 
substituting  a  compound  engine,  but  the  fact  must  not  be  overlooked  that 
there  is  even  a  greater  chance  of  increasing  the  efliciency  by  improving  the  gas 
engine,  which  is  still  new  and  unperfected. 

The  gas-producing  power  of  the  Philippine  coals  ^  has  been  studied  and 
while  not  always  equal  to  that  of  American  bituminous  coal  in  quantity,  the 
quality  is  in  most  cases  fairly  good.  It  probably  would  not  be  profitable  to 
use  these  coals  in  the  production  of  illuminating  gas,  for  usually  the  most  im- 
portant factor  in  this  process  is  the  by-product,  coke. 

The  report  of  the  coal-testing  plant  of  the  United  States  Geological  Survey 
at  the  Louisiana  Purchase  Exposition,  St.  Louis,  Mo.,  1904,  gives  a  very  pleas- 
ing outlook  to  the  possibilities  of  producer-gas  operations  and  there  is  probably 
no  doubt  but  that  Philippine  coals  are  most  admirably  adapted  to  use  in  a 
producer  plant.  Physically  they  are  Ideal  to  handle.  They  are  noncoklng, 
they  do  not  swell,  they  bum  steadily,  form  very  little  clinker,  and  the  ash 
would  easily  be  removed  automatically.  Since  the  quantity  of  ash  in  a  producer 
plant  is  of  no  material  consequence,  it  seems  likely  that  dirty  coal  could  be 
used  In  this  way  to  great  advantage.  It  Is  also  probable  that  the  outcrop  coal 
and  slack  employed  in  a  producer-gas  plant  may  become  as  valuable  as  the 
best  grades  of  coal  used  in  a  steam  plant,  or  perhaps  even  succeed  the  steam 
plant  altogether  for  stationary  work. 

With  a  satisfactory  scheme  for  the  utilization  of  the  upper  and  poorer  grade 
of  coal,  the  mines  can  successfully  be  operated  and  the  deeper  coal  can  be  used 
for  steaming,  where  a  producer  gas  plant  and  gas  engine  are  impracticable. 
For  the  production  of  power,  the  utilization  of  our  low-grade  and  outcrop  coal 
for  producer  gas  seems  extremely  promising. 

«Bull.  Mln.  Bur.  Manila  (1JX)6),  5,  47  et  seq. 
*U.  S.  a  S.,  P.  P.  48  (1906).  3. 
c  Economic  Geol.  (1907),  2,  287. 
<«U.  S.  G.  S.,  P.  P.  48  (1906),  3,  1324. 
•Phil.  J.  Sc.  (1906),  1,877. 
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This  bureau  hopes  to  establish  a  trial  plant  at  no  distant  date,  and  when  it  is 
in  operation  we  can  add  very  definite  data  to  our  present  information.  It  is 
hoped  that  such  a  plant  can  compete  with  the  best  steam  plant,  and  especially 
that  it  can  bum  successfully  the  slack  and  waste  products  which  are  not  utiliz- 
able  for  steam  purposes. 

Note. — ^The  following  illustrations  and  maps  accompanying  this  report  are  on 
file  in  the  War  Department :  . 

Plate  I.  View  of  the  laboratory  of  the  bureau  of  science. 
II.  A  mine  in  Benguet 
III.  Hot  springs  at  Tiui,  Albay  Proyince. 
IV.  Igorot  mines  in  Benguet 
V.  Prospector's  camp  in  Mindanao. 

VI.  First  gold  obtained  by  the  cyanide  process  in  the  Philippine  Islands. 
Outline  map  of  the  Philippine  Islands  showing  the  principal  mineral  regions 

and  railroads. 
Map  of  a  portion  of  the  Misamis  and  Bukidnon,  Mindanao. 
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fProm  the  Far  EoBtorn  Review,  October,  1908.  p.  159.1 
IQHIHO  IH  THE  FUILIPFIJIES. 

A  review  of  the  progress  made  daring  the  year  In  the  development  of  the  dif- 
ferent mining  properties  indicates  that  those  interests  are  greatly  encouraged 
and  that  there  Is  prospect  of  greater  activity  during  the  coming  year.  Few 
not  familiar  with  the  prevailing  conditions  in  the  archipelago  may  appreciate 
the  remarkable  manner  in* which  the  pioneer  miners  and  prospectors  have  ac- 
complished impossibilities  and  are  slowly  winning  victory  from  apparent  defeat. 

The  two  mining  organizations  In  Benguet  have  proceeded  slowly,  but  surely. 
In  their  operations,  with  the  result  that  the  future  of  the  companies  is  bright. 
The  Gmisolldated  started  with  a  three-stamp  mill  and  has  not  only  doubled 
the  capacity  of  the  mill,  but  added  an  extensive  cyanide  plant  of  the  most 
modern  equipment.  All  this  improvement  has  been  paid  for  out  of  the  proceeds 
of  the  mine.  From  the  day  the  first  carload  of  ore  passed  into  the  hopper 
the  mine  has  paid  its  own  way  and  supplied  the  funds  to  treble  its  original 
capacity. 

The  Bua  Mining  (Company  has  demonstrated  its  faith  In  the  district  by  in- 
stalling a  modem  plant,  and  while  it  has  not  been  in  operation  for  a  lengthy 
period,  the  prospects  for  Its  future  are  bright. 

In  the  Paracale  district  seems  to  have  been  struck  the  bonanza  of  placer 
mining  in  the  islands.  In  the  r^sum^  of  the  history  of  the  district  in  another 
column  will  be  found  the  most  conservative  figures  on  the  output,  carefully 
authenticated  by  the  writer.  That  the  average  cubic  yard  of  dirt  dredged  by 
the  Paracale  Company  produced  $1.25  in  gold  spells  **  bonanza  **  in  large  letters. 
Little,  if  any,  placer  ground  in  the  world  can  show  such  a  record  on  a  six- 
month  average.  This  report  of  the  amount  saved  may  serve  to  draw  a  smile 
from  the  incredulous,  and  indeed  the  managemait  hesitated  about  giving  out 
the  information  for  that  very  reason.  But  the  dredge  is  still  working  and  there 
is  no  barbed-wire  fence  around  it  to  prevent  the  seeker  after  truth  to  authenti- 
cate the  report.  There  is  no  stock  for  sale  in  any  enterprise  launched  in 
Paracale,  so  that  the  publication  of  the  report  Is  not  in  the  Interest  of  the  com- 
pany or  its  shareholders.  It  demonstrates,  however,  that  the  Philippine  Islands 
are  exceptionally  rich  In  gold  and  that  capital  well  directed  by  experience  may 
find  in  the  archipelago  a  most  desirable  avenue  for  Investment  in  the  develop- 
ment of  its  mineral  wealth,  the  surface  of  which  has  not  at  this  time  be&i 
more  than  scratched. 

It  might  be  said  in  passing  that  the  failures  in  mining  projects  in  the  Philip- 
pines must  be  laid  to  inexperience  and  unwise  direction,  and  not  to  the  lack  of 
mineral  wealth.  Evidence  of  this  may  be  found  in  Masbate.  Thousands  have 
been  squandered  uselessly  through  ignorance  where  wise  and  experienced  di- 
rection would  have  won  by  this  time  the  greatest  possible  returns  from  invest- 
ment. Those  who  are  trying  at  the  present  time  to  develop  Masbate  property 
and  demonstrate  that  consistent  and  exi)erlenced  direction  Is  the  only  require- 
ment to  make  enterprise  pay  there  are  suffering  from  the  mistakes  of  those 
who  made  the  name  of  Masbate  spell  "  failure."  Those  who  have  interests  in 
Masbate,  however,  are  not  discouraged.  They  know  that  once  the  truth  about 
the  deposits  of  gold  there  seeps  through,  their  most  sanguine  dreams  shall  be 
realized. 


[United  States  Geological  Survey  Press  Bulletin  No.  864,  December  28,  1908.] 

GOLD  AND  SILVER  IH  THE  PHn.TPPDTE  ISLANDS. 

First  Results  of  American  Mining. 

Although  gold  mining  has  been  carried  on  In  the  Philippine  Islands  for  sev- 
eral hundred  years  and  the  aggregate  value  of  the  product  has  been  great, 
exact  records  of  production  have  not  been  kept.    Since  the  American  occupation 
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of  the  islands,  however,  there  has  been  much  prospecting  and  considerable  de- 
velopment of  gold  and  copper  deposits,  principally  of  the  former ;  but  until  1907 
the  production  was  confined  chiefly  to  placer  washing  and  gopher  mining  for 
gold  by  the  non-Christian  tribes  of  the  hills.  During  the  nine  years  ending  with 
1907  the  annual  production  by  the  natives  of  the  islands  probably  averaged 
about  1,500  fine  ounces  of  gold,  valued  at  about  $31,000.  The  total  production 
by  Americans  and  Europeans  from  1898  to  1906,  inclusive,  probably  did  not 
exceed  600  fine  ounces,  valued  at  $12,400.  The  preparatory  work  which  had 
been  carried  on  by  the  American  miners  for  several  years  began  to  bear  its  first 
real  fruit  in  1907,  and  statistics  for  that  year,  collected  by  the  division  of  mines 
of  the  bureau  of  science  at  Manila,  are  now  available. 

The  total  production  of  gold  in  tiie  Philippine  Islands  in  1907  is  given  by  the 
division  of  mines  as  4,540  crude  ounces.  At  the  average  fineness  of  0.850  this 
would  represent  3,859  fine  ounces,  valued  at  $79,773.  The  production  of  silver  is 
given  as  83  fine  ounces,  valued  at  $55. 

Although  gold  occurs  in  many  islands  of  the  group,  the  production  of  1907  is 
credited  to  but  two — Luzon  and  Masbate.  In  Luzon  there  are  two  producing 
provinces — Benguet,  in  the  northern  part,  and  Ambos  Camarines,  in  the  south- 
eastern part,  on  the  Pacific  coast.  Masbate  Island,  southwest  of  Luzon,  is  part 
of  the  province  of  Sorsogon. 

Report  by  Geological  Surrey. 

From  a  report  on  the  production  of  gold  and  silver  In  1907,  published  by  the 
United  States  Geological  Survey  as  an  advance  chapter  from  "  Mineral  Re- 
sources of  the  United  States,  Calendar  Year  1907,'*  by  Waldemar  Lindgren  and 
H.  D.  McCaskey,  the  following  extracts  are  made : 

"  For  centuries  the  Igorots,  of  Lepanto  and  Benguet,  have  been  mining  gold, 
washing  it  from  the  streams  or  recovering  it  by  impounding  water  in  the  hills 
and  releasing  it  in  floods  over  decomposed  surface  material,  in  this  way  procur- 
ing additional  auriferous  gravel  and  at  the  same  time  exposing  the  rich  and 
narrow  veins,  which  they  worked  to  slight  depths  underground.  The  rich  vein 
material  thus  procured  contained  free  gold,  which  was  recovered  after  the  ore 
was  crushed  in  crude  stone  mortars  and  washed  by  hand.  The  Igorots  and 
later  the  Spaniards  worked  extensively  the  copper  ores  at  Mancayan,  in  south- 
em  Lepanto,  near  the  northern  boundary  of  Benguet,  For  a  number  of  years 
considerable  quantities  of  copper  were  recovered,  which  did  not,  however,  add 
to  the  output  of  precious  metals,  although  the  ores,  which  are  mixed  sulphides, 
arsenides,  and  antimonides,  sometimes  carry  as  much  as  $5  to  the  ton  In  gold, 
particularly  In  the  pyrlte.  Since  the  American  occupation  production  of  gold 
by  the  Igorots  has  continued. 

"  In  the  Camarines,  particularly  at  Paracale  and  Mambulao,  European  cap- 
italists at  one  time  did  extensive  underground  work  and  erected  modem  mills. 
Their  work  was  interrupted  by  the  native  Insurrection  of  1896  and  has  been 
resumed  only  in  a  small  way  by  American  miners  in  the  last  few  years.  There 
has  been  no  production  from  the  mines  during  the  last  twelve  years.  Before  the 
Spanish  conquest  of  the  islands  the  natives  of  the  Camarines  worked  the  placers 
of  these  districts  and  have  ever  since  made  an  annual  production,  which  In  the 
early  years  was  of  considerable  Importance.  During  the  last  year  a  dredge 
installed  by  American  and  New  Zealand  capital  has  made  an  output  of  gold 
most  encouraging  to  the  operators,  and  additlonl  dredges  are  contemplated  for 
this  district 

"  In  the  northem  part  of  Masbate,  at  Aroroy,  many  old,  abandoned  gold  mines 
of  the  Spanish  regime,  or  of  earlier  times,  have  been  actively  prosi)ected  and 
partly  worked  by  the  American  miners.  The  total  production  to  date  from  Mas- 
bate  has  been  small. 

"  Considerable  gold  Is  mined  by  natives  in  Mindanao  In  placer  workings  each 
year,  but  rdiiable  estimates  of  the  output  are  not  available. 

**  Silver  ores  occur  rarely  in  the  Philippines,  the  one  notable  deposit  having 
been  found  in  northem  Benguet,  near  the  Lepanto  line.  This  is  In  part  native 
silver,  but  the  deposit  has  not  been  developed.  Lead  ores  carrying  silver  occur 
in  the  islands  of  Cebu  and  Marinduque,  but  they  have  not  yet  been  developed." 
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[From  Beport  of  the  Military  Qovernor  of  the  Philippine  Islands  on  Ciyil  AlEain,  Appen- 
dix II.  1902.1 

REPORT  07  CHIEF  OF  lONIHO  BXTREAU. 

CONDITION  or  ABCHITES  AND  PROPEBTT  OF  MINING  BTTRBAU. 

The  first  examination  of  the  archives  developed  that  many  docnm^its  and 
papers,  which  I  had  a  right  to  expect  to  find  In  the  archives  of  the  bureau,  had 
disappeared. 

A  large  number  of  maps  and  plans  of  mines  receipted  for  by  officers  of  the 
board  of  liquidation  were  not  found  with  those  turned  over  to  me.  A  careful 
search  and  inquiry  as  to  the  whereabouts  of  these  maps  and  plans  and  as  to 
their  disappearance  satisfied  me  that  they  did  not  disappear  after  the  archives 
and  property  had  been  actually  turned  over  to  the  officers  of  the  United  States 
army  of  occupation.  These  maps  and  plans  disappeared  while  the  Spanish 
authorities  still  had  actual  possession  of  the  archives  and  property.  The  num- 
ber of  maps  and  plans  so  missing  and  the  existence  of  which  as  a  part  of  the 
archives  is  established  by  official  documents  is  40. 

In  addition  to  this,  the  field  notebooks  of  the  actual  surveys  of  mining  prop- 
erties, covering  many  years,  and  all  of  which  are  valuable  as  matters  of  refer- 
ence in  the  examination  of  alleged  mining  claims,  were  also  missing,  only  13 
such  notebooks  having  been  found  in  the  office.  An  examination  of  these  books 
shows  that  they  do  not  cover  even  a  small  perc^itage  of  the  work  of  the  field 
surveying  that  must  have  been  done  by  the  engineers  of  the  bureau. 

By  the  terms  of  the  law  the  engineers  surveying  mines  were  required  to  col- 
lect from  mine  owners  specimens  of  the  minerals  from  the  mines  so  surveyed 
by  them,  and  these  specimens  were  dejwsited  in  the  mining  bureau.  A  very 
large  and  valuable  collection  of  gold-bearing  rock  from  the  Camarines  that  is 
known  to  have  been  so  deposited  In  the  bureau  was  also  found  missing. 

The  surveying  Instruments  In  the  bureau  were  found  in  a  bad  condition,  and 
an  examination  of  the  records  Indicated  that  a  large  number  of  valuable  Instru- 
ments had  been  removed  from  the  bureau.  The  Instruments  remaining  are  of 
little  value,  while  at  least  one  of  the  Instruments,  a  very  valuable  and  expensive 
one,  bears  evidence  of  having  been  maliciously  Injured  by  the  application  of  acid 
to  Its  object  glasses,  and  by  the  malicious  breaking  of  delicate  portions  of  the 
instruments,  rendering  it  practically  worthless.  The  injuries  are  of  such  a 
nature  that  It  precludes  the  possibility  of  its  being  the  result  of  accident  or  of 
ordinary  and  common  usage. 

From  August  15,  1898,  to  March  29,  1899,  the  possession  of  the  records  and 
archives  and  properties  of  the  "lnspeccl6n  general  de  mlnas  "  remained  In  the 
actual  custody  of  Luis  Esplna  y  Capo,  who  during  that  time  filled  the  office 
of  chief  engineer  or  Inspector-general  of  that  bureau  under  the  Spanish  adminis- 
tration. During  that  period  the  bureau  was  denuded  and  stripped  of  a  large 
amount  of  Its  valuable  properties,  and  Its  records  and  archives  subjected  to 
abuses  that  will  be  more  fully  stated  hereafter. 

The  loss  of  maps  and  plans,  field  notebooks,  valuable  mineral  collections,  and 
Instruments  of  equipment  Is  regretted,  and  It  will  take  much  time  and  labor 
and  a  considerable  expense  to  replace  them.  The  records  and  archives  were 
left  In  a  very  disorganized  state,  making  It  difficult  to  arrange  and  classify 
them,  but  the  work  was  successfully  accomplished  and  the  more  essential  records 
covering  all  valid  mining  claims  and  concessions  have  been  found  and  carefully 
examined. 
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JUBISDIOnON  OF  THE  MINING  BUBEAU. 

The  mining  bureau  under  existing  Spanisli  law  is  not  a  g^eral  office  of 
original  record  of  the  mining  properties  of  the  archipelago.  The  records  and 
papers  are  originally  presented  and  filed  with  the  governor  or  alcalde  of  the 
provinces.  The  original  records  and  papers  do  not  remain  long,  however,  in 
the  office  of  the  provincial  governor.  Witliin  a  period  of  four  months  of  the 
time  the  original  petition  is  filed,  the  claimant  must  perform  the  legal  labor 
specified,  present  a  petition  requesting  demarcation,  accompanied  by  specimens 
of  the  mineral  discovered.  Falling  In  this,  the  claimant  forfeits  all  further 
interest.  The  provincial  governor  Immediately  forwards  the  original  petition, 
with  all  other  papers  attached,  to  the  engineer  for  a  sun^ey  and  the  claim  thus 
receives  a  record  in  the  mining  bureau.  The  bureau  Is  charged  with  a  general 
supervision  over  mines  and  mining  operations,  the  conduct  of  geological  sur- 
veys, and  the  preparation  of  reports  and  statistics  on  all  these  matters.  Includ- 
ing mineral  springs. 

THE  MINING  LAW  UNDER  SPANISH  BULB. 

When  commencing  the  work  of  examination  it  became  immediately  apparent 
that  the  mining  law  of  these  islands,  which  was  uncodified  and  extended  over 
many  years,  must  be  collected  and  its  scattered  and  extended  provisions  ar- 
ranged under  convenient  headings  and  carefully  translated.  This  work  was 
done,  and  there  has  been  added  thereto  a  complete  abstract  of  the  fundamental 
decree  of  March  14,  1867,  with  notes  of  reference  and  cross  reference  to  the 
rules  and  regulations  and  all  supplementary  laws,  making  it  invaluable  for 
use  In  the  decision  of  mining  claims  thereunder.  One  volume  of  this  work  has 
been  transmitted  to  the  military  governor  and  one  copy  retained  for  the  use 
of  the  bureau.  While  the  work  of  codification,  translation,  and  abstract  Is 
one  that  Involves  a  large  amount  of  study  and  care,  I  have  not  recommended 
Its  publication  for  the  reason  that  I  found  the  laws  so  complex  and  abstruse 
in  their  provisions  and  so  little  applicable  to  the  development  of  the  mining 
industries  that  I  did  not  believe  it  desirable  that  it  should  continue  to  be  used 
as  the  mining  law  of  the  country.  The  law,  and  the  administrative  proceedings 
under  it,  has  not  succeeded  in  fostering  the  mining  industries. 

In  this  connection,  and  in  proof  of  my  statement  that  the  law  is  inapplicable 
and  has  not  proved  a  success,  I  call  attention  to  the  following  quotations  from 
well-known  authorities,  which  show  the  results  of  this  law  and  its  administra- 
tion in  the  archipelago.  Speaking  of  the  coal  in  Cebu,  one  authority  says: 
"  Coal  occurs  abundantly  and  Is  of  fairly  good  quality,  but  the  complete  neglect 
of  all  mineral  wealth  by  the  Spaniards  Is  exhibited  here  as  elsewhere."  Another 
authority,  in  speaking  of  the  lack  of  prominence  of  the  Philippine  Islands,  ac- 
counts for  it  by  saying  that  it  is  **  owing  chiefly  to  its  Jealously  exclusive  admin- 
istration under  Spanish  dominion ;  **  and  this  latter  is  clearly  established  as  a 
fair  comment  on  the  mining  laws. 

SPANISIH   CONCESSIONS. 

An  absolute  grant  of  title  to  mineral  lands,  such  as  exists  under  the  United 
States  mining  laws,  is  entirely  unknown  to  the  mining  law  of  this  archipelago. 
All  the  so-called  titles  are  concessions,  or  permissions.  Issued  by  the  governor- 
general  under  the  provisions  of  the  royal  decree,  and  the  regulations  thereunder, 
wliich  concessions  continue  in  full  force  indefinitely  and  until  terminated  by  the 
failure  of  the  concessionary  to  perform  all  the  prescribed  terms  and  conditions 
under  which  he  holds  his  concessions. 

These  concessions,  for  failures  of  the  concessionary  to  perform  the  prescribed 
conditions,  may  be  terminated  either  by  action  of  the  government,  ex  officio, 
or  upon  complaint  of  any  person  entitled  to  apply  for  a  mining  concession,  and 
who  thereby  gains  a  preference  right  to  the  granting  of  a  concession  to  himself 
of  the  property  against  which  he  makes  complaint,  and,  as  all  proceedings  were 
purely  administrative,  the  tenure  of  title  was  very  uncertain  and  unsatisfactory. 
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With  these  preliminary  statements  I  submit  the  following  statement  of  the 
result  of  a  critical  study  and  careful  analysis  of  all  the  records  and  archives  of 
this  bureau,  together  with  all  others  that  I  have  been  able  to  find  in  the  late 
coordinate  branches  of  the  civil  administration  of  the  Spanish  Government  of 
this  archipelago  affecting  titles  to  mining  properties. 

In  his  closing  report  on  March  30,  1899,  to  the  president  of  the  board  of 
liquidation,  Luis  Espina  y  Capo,  engineer  in  charge  of  the  inspeccion  general  de 
minas,  divided  the  mining  properties  of  alleged  validity  in  the  Philippine  Archi- 
pelago into  three  classes,  viz: 

First.  Those  for  which  concessions  have  been  issued  under  royal  decree,  etc. 

Second.  Those  in  process  of  demarkation,  as  provided  by  the  royal  decree,  and 
the  regulations  thereunder,  etc. 

Third.  Those  for  which  petitions  have  been  accepted  with  the  deposit  of  fees 
waived  in  accordance  with  the  order  or  decree  of  the  governor-general,  dated 
May  4,  1898. 

For  convenience  I  have  adopted  this  classification  and  referred  to  these  as 
first,  second,  and  third  class  claims,  respectively. 

First-class  claims. 

The  total  extent  of  concessions  apparently  in  force  February  1,  1898,  being 
all  of  those  contained  in  the  first  class,  is  thus  shown : 


Commodity. 

Perte- 
nendas. 

Square  meters. 

Gold 

338 
116 
2 
9 
3 
4 
4 
4 
1 

19,074,512.25 
17,400,000 

166,849.24 
1,137,571.09 
180,000 
80,000 
600,000 
80,000 
20,000 

Coal 

Copper 

Iron 

Sulphur 

Calua  marmorea 

Petroleum 

Kaolin 

Qoaao 

Total 

481 

80,688,982.58 

These  are  embraced  in  152  expedlentes  (or  petitions)  extending  from  January 
22,  1853,  to  May  4,  1897.    The  last  concession  is  dated  March  9,  1898. 

Second-class  claims. 

The  total  extent  of  applications  for  concessions  in  process  of  demarkation, 
and  which  comprise  all  of  the  second  class,  is  thus  shown : 


Commodity. 

Pert^ 
nendas. 

Square  meters. 

Gold 

61 
49 

1 
2 

3,531,614.70 
7,3fiO,000 

20,000 

40,000 

Coal 

Calisa  marmorea 

Trachyte - 

Total 

113 

10,941,614.70 

These  are  embraced  in  57  expedlentes  (or  petitions),  and  were  all  instituted 
in  1896  and  1897. 
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TMrdrdlase  cia4m^, 

Tbe  total  extent  of  claimB  covered  by  expedientes  (petitions)  of  the  third 
class,  viz,  petitions  that  were  received  and  admitted  in  the  inspectorate  of 
mines  between  the  4th  day  of  May,  18d8,  and  the  close  of  the  Spanish  authority 
in  this  archipelago  on  February  1,  1899,  is  thus  shown : 


Commodity. 

Perte- 
nencias. 

Square  metera. 

Gold 

1,006 

467 

106 

16 

3 

10 

4 

4 

60,348,134.37 

Coal 

70,060,000 

CoDDer 

15,160,000 

Iron ......                                                                     ... 

2,400,000 

Sulphur 

460,000 

CaIwi  mannoreft. 

200,000 

Orsnlte 

80,000 

F^ftroiAum 

600,000 

Total 

1,618 

149,288,134.37 

These  alleged  mining  claims,  called  third-class  claims,  will  be  again  con- 
sidered in  a  later  part  of  this  report,  where  their  peculiar  origin  and  remark- 
able character  will  be  shown  in  greater  detail. 

COMPAa^TIVE  VIEW. 

I  respectfully  call  attention  to  the  significant  fact  that  between  the  destruc- 
tion of  the  Spanish  fleet  by  Admiral  Dewey,  which  closed  the  port  of  Manila 
May  1,  1898,  and  thereafter,  with  the  Investing  insurgent  army,  cut  off  Manila 
from  all  outlying  ports  and  provinces,  and  the  time  when  the  sovereignty  of 
Spain  in  this  archipelago  ceased,  there  was  an  appreciation  of  the  value  and 
importance  of  the  future  mineral  development  and  resources  of  these  islands 
that  was  little  less  than  phenomenal. 

I  respectfully  call  attention  to  the  following  comparative  view : 

Total  mining  claims  and  concessions  recognized  during  the  entire  Spanish 
occupation  and  nominally  in  force  on  May  1,  1898:  First-class  claims,  481 
pertenencias,  39,638,932.58  square  meters;  second-class  claims,  113  pertenen- 
cias,  10,941,614.70  square  meters ;  in  all,  594  pertenencias,  50,570,547.28  square 
meters. 

Attempted  to  be  instituted  while  the  Spanish  officials  were  in  possession  of 
the  archives  under  American  occupation  of  Manila,  May  1,  1898,  to  February  1, 
1899 :  Third-class  claims,  1,618  pertenencias,  149,288,134.37  square  meters. 

An  increase  in  the  last  nine  months  of  American-Spanish  occupation  over  all 
the  years  of  previous  occupation  by  Spain  alone  of  1,024  pertenencias,  98,707,- 
667.09  square  meters. 

The  explanation  of  this  is  found  in  the  next  subject,  and  by  reason  of  its 
vital  importance  to  the  future  mining  industry  of  the  archipelago,  as  also  its 
disclosures  of  palpable  fraud,  it  will  be  treated  in  detail  under  the  head  of: 
"Third-class  claims  reviewed."  The  other  two  classes  require  no  further 
attention,  as  there  is  found  in  them  nothing  to  indicate  fraud  or  intended 
error. 


[Prom  report  of  the  Taft  Philippine  CommlsBion,  1900,  p.  48.] 
mNEEAL  WEALTH  AJSTD  THE  HIHIKG  INDTTSTBY. 

It  is  difficult  at  the  present  time  to  malce  any  accurate  general  statement  as 
regards  the  mineral  resources  of  the  Philippine  Islands.  There  has  never  been 
any  mining,  properly  so  called,  in  this  archipelago  up  to  the  present  time.  The 
mining  fields  have  never  been  thoroughly  prospected,  and  even  where  very  valu- 
able deposits  were  known  to  exist  they  were  worked,  if  at  all,  in  a  haphazard 
and  Intermitt^it  fashion. 

Present  indications  are  that  the  near  future  will  bring  a  great  change  in  the 
mining  industry.    According  to  the  chief  of  the  mining  bureau  there  are  now 
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some  twelve  hundred  prospectors  and  practical  miners  scattered  through  the 
differ^t  islands  of  the  archipelago.  Of  these,  probably  90  per  cent  are  Ameri^ 
cans.  They  are  for  the  most  part  men  of  good  character.  They  are  pushing 
their  way  into  the  more  Inaccessible  regions,  furnishing  their  own  protection 
and  doing  prospecting  of  a  sort  and  to  an  extent  never  before  paralleled  In  the 
history  of  the  Philippine  Islands.  The  result  is  that  our  knowledge  of  the 
mineral  resources  of  the  group  is  rapidly  increasing.  When  all  due  allowance 
is  made  for  prospectors*  exaggerations,  it  is  not  too  much  to  say  that  the  work 
thus  far  done  has  demonstrated  the  existence  of  many  valuable  mineral  fielda 
The  provinces  of  Benguet,  Liepanto,  and  Bontoc  in  particular  form  a  district 
of  very  great  richness. 

GOPPEB, 

In  the  province  of  Lepanto,  at  Mancayan  and  Suyoc,  there  are  imm^ise 
deposits  of  gray  copper  and  copper  sulphide,  and  running  through  this  ore  are 
veins  of  gold-bearing  quartz,  which  is  more  or  less  disintegrated  and  in  places 
is  extremely  rich.  This  copper  ore  has  been  assayed,  and  the  claim  is  made 
that  it  runs  on  the  average  8  per  cent  copper,  while  gold  is  often  present  in 
considerable  quantities.  The  deposits  are  so  extensive  as  to  seem  almost 
inexhaustible. 

The  Commission  has  been  unable  to  verify  the  statements  as  to  the  extent 
and  richness  of  these  copper  deposits  through  its  own  agents,  but  the  authority 
for  them  is  such  that  they  are  believed  to  be  substantially  correct 

As  early  as  1856-57  two  concessions  were  granted  to  the  Cantabro  Philippine 
Mining  Company,  and  an  attempt  was  made  to  exploit  them  and  market  their 
product  Rude  methods  of  mining,  ruder  methods  of  extracting  the  metal,  and 
still  more  rude  and  primitive  methods  of  transportation,  combined  with  lack  of 
sufficient  capital  and  suitable  labor,  led  to  the  abandonment  of  this  attempt 
and  for  more  than  twenty  years  the  property,  which  in  itself  is  a  small  claim 
upon  the  inunense  ledge  above  referred  to,  has  been  occupied  only  to  the  limited 
extent  required  by  the  Spanish  mining  laws  to  prevent  the  cancellation  of  the 
concession.  The  officer  at  present  in  charge  of  the  mining  bureau  characterizes 
this  deposit  as  an  "  undoubted  bonanza."  The  main  thing  necessary  for  Its 
exploitation  is  the  opening  up  of  a  short  line  of  communication  with  the  coast 

COAL. 

Lignites  are  known  to  exist  in  Luzon,  Batan  (the  island,  not  the  province), 
Mindoro,  Masbate,  Negros,  Cebu,  Mindanao,  and  other  islands.  Some  of  the 
deposits  are  very  extensive.  As  yet,  they  have  been  worked  only  at  or  near 
the  surface.  It  is  therefore  remarkable  that  the  samples  thus  far  obtained 
should  prove  to  be  as  good  as  is  shown  by  actual  analysis.  A  comparative  table 
follows,  giving  analyses  of  Cardiff,  Australian,  and  Wyoming  coals,  as  well  as 
some  of  the  Philippine  coals,  in  order  that  the  latter  may  be  compared  with 
the  former.  In  this  table  will  be  found  the  famous  Rock  Springs  commercial 
and  locomotive  coals;  the  Union  Pacific;  the  Fremont  Elkhom  and  Missouri 
VaUey  (C.  and  N.  W.  R.  R.)  ;  the  Burlington  and  Missouri  in  Nebraska  (C,  B. 
and  Q.  R.  R.),  and  the  Cambria  Coal  Mining  Company's  cooking  coal,  all  of 
them  lignites  and  all  of  them  successful  steam  coals. 

Analysis  of  Philippine  coaUy  compared  with  Cardiff,  Australian,  and  Wyoming 

coals. 


Name  of  mine. 


5S 

> 


w  w  t" 


Remarks. 


Cardiff 

Newcastle  and  Sidney 

Santa  Rosa 

Van  Dyke 


Sweetwater  Coal  Co 
Union  Pacific  No.  1 


Ptr 
cent. 
8.60 
16.25 
31.75 
34.50 

36.95 

36.42 


Per 
cent. 
4.50 
2.00 
9.23 
6.25 

5.55 

5.38 


Per 
cent. 
a90 
9.40 
1.08 
2.75 

1.80 

2.60 


Per 

cenL 

842 

432 

674 


Per 

cent. 

7,530 

6,205 

5,353 


91.60  fuel. 

87.70  fuel.    Ifixed. 

89.60  fuel. 

91. 00  fuel.  Commer- 
cial Rock  Springs. 

92.65  fuel.  Commer- 
cial Rock  Springs. 

92.02  fuel.  Union  Pa- 
0  1  fl  0  R.  R.  Rock 
Springi. 
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Analysis  of  Philippine  coals^  compared  toith  Cardiff,  Australia^  <md  Wyoming 

coai«— Continued. 


Name  of  mine. 


Location. 


11 


-11 


Remarks. 


Caridad. 
Dillon... 


Esperanxa.. 
Magallanes. 


Cebu 

RawUns.. 


Cebu... 
do. 


Union  Padfio  No.  7 Abny ,  Wyo . 


Union  Pacific  No.  2. 
Deer  Creek  Coal  Co.. 


Carbon,  Wyo... 
Olenrock,  Wyo. 


Grinnell Sheridan,  Wyo. 


Burgess 

Antelope 

M.andM.... 

Jumbo 

InetCoalCo. 


Cataingan., 
Bulalacao. . 
Becker 


Union  Pacific  No.  1. 


do 

Cambria,  Wyo., 
Buffalo.  Wyo.., 
Cambria,  Wyo. , 
Ines,  Wyo 


Masbate 

Mindoro 

Sheridan.  Wyo. 

TTftnnft 


Per 
cent. 
54.56 
54.00 

51.96 
49.50 

48.75 


48.30 


Per 
cent. 
34  53 
32.85 

37.56 
35.03 

34.88 


47.75  33.03 


44.751  33.18 


44.70 
44.25 
44.20 
43.65 
42.50 


41.40 
41.06 
38.75 


37.55 
30.38 
34.30 
40.13 
36.05 


Per 

cent. 

9.60 

6.55 

7.80 
11.18 

7.37 


7.42 
13.82 

14.42 

13.05 
6.72 

14.70 
6.72 


Per 

cent. 

1.31 

6.60 


Per 
cent. 
1,360 


Per 
cent. 
5,643 


2.68  1,632 


3.62 
9.00 

8.85 
5.40 

7.65 

4.70 
9.65 
6.80 
10.50 


1,401 


14.65     6. 


43.31  10.50 
42.40  12.50 
44.37     8.72 


38.70  35.25  14.10 


4.38 
4.30 
8.21 

11.90 


5,829 
5,490 


I 


89.09faeL 

86.85  fueL  Commer- 
cial  steam. 

80.52  fuel. 

84.53  fuel,  0.67  foreign 
matter. 

83. 63  fuel.  Central  Pa- 
cific and  Union  Pa- 
cific R.  R.  locomo- 
tive. 

83.73  fuel.  Union  Pa- 
cific R.  R.  locomo- 
tive. 

80.78  fueL  Fremont, 
Elkhom  and  Mia- 
souri  Valley  R.  R. 
locomotive. 

77.93  fuel.  Burlington 
and  Missouri  River 
R.  R.  in  Nebraska 
locomotive. 

82.25  fueL  Commer- 
cial steam. 

84.63  fuel.  Black  Hills 
coke. 

78.50  fuel.  Conmiei^ 
dal  steam. 

83.78  fuel.  Black  Hills 
coke. 

78.55  fuel.  Fremont 
Elkhom  and  Mis- 
souri Valley  locomo- 
tive. 

84.71  fdel.  0.41  sulphur. 

83.20  fuel. 

83.12  fuel.  Commer- 
cial steam. 

73.95  fuel.  Union  Pa- 
dfio R.  R.  locomo- 
tive. 


Testimony  is  unanimous  to  the  fact  that  the  Philippine  coals  do  not  clinker, 
nor  do  they  soil  the  boiler  tubes  to  any  such  extent  as  do  Japanese  and  Austra- 
lian coals.  Some  of  them  have  been  given  practical  tests  in  steamers  engaged 
in  the  coasting  trade  of  the  archipelago,  with  very  satisfactory  results  as 
regards  their  steam-making  properties. 

The  extensive  fields  near  Bulacacao,  in  southern  Mindoro,  are  within  4  to  6 
miles  of  a  harbor  which  gives  safe  anchorage  throughout  the  year  and  which 
has  water  deep  enough  for  the  largest  ocean-going  vessels.  Some  of  the  CJebu 
deposits  are  also  conveniently  situated  with  reference  to  harbor  facilities.  It 
is  to  be  confidently  expected  that  the  coals  will  play  a  very  important  part  in 
the  future  development  of  the  archipelago. 

GOLD. 

The  outlook  as  to  gold  mines  grows  more  favorable  as  the  operations  of  pros- 
pectors are  extended.  Modem  gold-mining  machinery  has  never  been  used  in 
the  Philippines.  Igorot  miners  in  the  Benguet-Lepanto-Bontoc  district  discard 
all  rock  in  which  there  is  not  visible  a  considerable  quantity  of  free  gold.  Pros- 
pectors in  this  region  claim  to  have  located  very  extensive  deposits  of  low-grade 
free-miUing  ore,  which  will  yield  large  and  certain  returns  as  soon  as  concessions 
can  be  secured  and  machinery  put  in  place.  Unless  the  statements  of  those  who 
have  been  working  in  this  region  are  utterly  ftilse,  it  is  true  that  very  valuable 
•deposits  have  been  located  and  that  extensive  operations  will  be  undertaken  as 
soon  as  claims  can  be  granted  and  machinery  placed.  At  all  events,  it  is  certain 
that  the  men  who  have  located  these  deposits  have  sufficient  faith  in  them  to 
camp  on  them  and  wait  month  after  month  for  the  time  to  come  when  they  can 
establish  their  claims. 
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Extensive  deposits  of  high-grade  iron  ore  are  known  to  exist,  but  it  would 
seem  that  their  development  must  be  preceded  by  the  development  of  the  coal 
fields. 

NECESSITY  FOB  MINING  LAWS  AND  FOR  SETTLEMENT  OF  EXISTING   CLAIMS. 

There  can  be  no  question  that  it  is  to  the  interest  of  the  inhabitants  of  this 
archipelago  to  have  its  mineral  resources  developed.  It  is  equally  certain  that 
the  men  who  have  faced  manifold  dangers  in  locating  valuable  mineral  proper- 
ties, and  who  are  ready  and  anxious  to  develop  them,  should  be  given  an  oppor- 
tunity to  do  so  at  the  earliest  practicable  time. 

Although,  as  has  been  stated,  the  character  of  the  prospectors  and  miners  In 
the  archipelago  is  above  the  average,  the  presence  of  a  considerable  body  of 
such  men  who  have  found  mineral  deposits,  but  are  forced  to  endure  a  long  period 
of  inactivity,  pending  the  time  when  they  can  establish  their  claims  and  begin 
active  operations,  is  not  a  desirable  factor  in  the  present  situation.  The  reports 
which  are  being  sent  out  are  of  such  a  character  as  to  make  it  highly  probable 
that  the  number  of  prospectors  and  miners  will  be  greatly  augmented  in  the 
near  future.  It  seems,  therefore,  most  important  that  immediate  steps  should 
be  taken  to  make  it  possible  for  the  government  established  in  these  islands  to 
grant  mining  claims. 

There  is,  furthermore,  necessity  for  some  tribunal  empowered  to  decide  ques- 
tions arising  in  regard  to  Spanish  mhiing  grants  and  so-called  "  titles,"  although 
the  word  "  title "  is  in  this  case  a  misnomer,  for  under  Spanish  law  only  con- 
cessions were  granted,  the  title  being  continued  In  the  Crown.  The  ownership 
of  the  concessionary  was.  limited  to  a  license  of  indeterminate  length,  allowing 
him  to  extract  certain  minerals  and  to  dispose  of  the  same  and  to  convey  to 
others  his  rights  by  deed.  This  **  title  "  was  at  all  times  subject  to  eleven  gen- 
eral conditions,  and  failure  to  comply  with  any  one  of  them  made  it  possible  for 
the  Crown  to  cancel  the  concession. 

Endless  questions  are  arising  as  to  the  status  of  concessions  granted  by  the 
Spanish  Government  to  which  the  titles  had  been  perfected  or  were  in  process  of 
perfection.  For  purposes  of  convenience,  claims  are  here  referred  to  as  "  first- 
class  claims  "  where  title  has  been  perfected,  and  as  "  second-class  claims  "  where 
title  was  In  process  of  perfection. 

FIBST-CLASS  CLAIMS    (SPANISH  GRANTS  RECORDED). 

Of  such  concessions  there  were  recorded  and  uncanceled  upon  the  records  at 
the  time  the  Philippine  Islands  were  ceded  by  Spain  to  the  United  States  no 
less  than  481.  These  claims  were  embraced  in  152  "  expedientes "  (or  peti- 
tions) ;  in  other  words,  there  were  152  dilTerent  mines.® 

Some  of  these  grants  are  doubtless  invalid  because  of  long  abandonment,  but 
the  formal  entry  of  cancellation  has  not  been  made  upon  the  records. 

SECOND-CLASS   CLAIMS    (INCOMPLETE   SPANISH   GRANTS). 

When  the  Philippine  Islands  were  ceded  to  the  United  States  there  were  pro- 
ceedings pending  in  the  department  of  mines  for  the  survey  and  official  demarka- 
tion  of  113  claims,  embracing  10,941,614.71  square  meters,  and  contained  in  37 
petitions.** 

******* 

These  claims  had  not  yet  reached  a  stage  where  they  could  be  closed  by  a 
concession,  since,  by  the  terms  of  the  Spanish  law,  the  act  of  demarcation,  based 
on  a  definite  official  survey  by  a  public  surveyor,  was  a  condition  precedent  to 
the  granting  of  a  title,  and  was  the  only  means  by  wliich  the  lands  could  be 
segr^ated  from  the  public  domain. 

<^  For  table  showing  distribution  among  the  several  minerals,  see  page  90. 
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TBIBD-CLAB6  CLAIMS. 

There  remains  a  tMrd  class  of  claims,  viz,  those  which  It  was  attempted  to 
establish  through  the  mining  bureau  at  Manila  by  the  filing  of  petitions  there 
between  May  4,  1898,  and  March  30,  1899.  It  would  appear  that  there  was  no 
warrant  of  law  for  the  filing  of  such  petitions,  and  that  they  have  no  legal 
value.  Nevertheless,  they  number  1,618  and  embrace  149,288,134.37  square 
meters.® 

******* 

As  already  stated,  it  is  of  great  importance  that  some  tribunal  should  be 
established  at  the  earliest  possible  date  by  which  the  legal  status  of  these 
claims  may  be  determined.  In  many,  if  not  all,  instances  the  disturbed  condi- 
tions which  have  prevailed  in  the  archipelago  since  1896  have  prevented  the 
owners  of  claims  of  the  first  class  from  fulfilling  all  the  conditions  precedent  to 
keeping  their  titles  clear.  They  desire  to  pay  the  taxes  due  on  this  property,  if 
it  be  held  that  they  are  the  rightful  owners  on  the  one  hand^  and  on  the  other 
they  can  hardly  be  compelled  to  pay  them  unless  their  ownership  is  recognized. 
They  also,  and  very  naturally,  desire  to  prevent  others  from  squatting  on  their 
claims.  Similarly,  those  who  had  begun  to  perfect  titles  to  mining  concessions 
prior  to  the  change  of  sovereignty  are  anxious  to  learn  what  their  rights  are. 

The  island  govemm^Lit  is  interested  in  the  clearing  up  of  titles  to  these  mining 
properties  on  account  of  the  revenue  which  would  result.  The  owners,  or 
would-be  owners,  are  interested  on  account  of  the  possible  profit  to  themselves. 
The  people  at  large  are  interested  on  account  of  the  increased  opportunities  for 
the  employment  of  labor  which  would  accompany  the  active  development  of 
mineral  deposits.  There  is  every  reason,  therefore,  why  a  mining  code  should 
be  enacted  for  these  islands  at  the  earliest  practicable  time  and  suitable  pro- 
vision made  for  determining  the  rights  of  all  claimants  to  mining  properties. 
It  is  believed  that  this  whole  matter  should  be  dealt  with  here  by  the  legislative 
body  at  present  existing  in  the  islands,  but  the  commission  has  held  that  It  can 
not  determine  questions  arising  as  to  existing  claims  nor  consider  applications 
for  new  concessions  until  duly  authorized  by  Congress.  In  view  of  the  im- 
portance of  the  interests  involved,  such  authorization  is  urg^itly  requested. 


[From  Beport  of  the  Philippine  Commission.  December  1,  1900,  to  October  15.  1901,  pt.  2, 

p.  354.1 

BEPORT  OF  CHIEF  OF  HIHIKG  BUBEATT. 

GENEBAL  AND   SPECIAL   BEPOBTS. 

The  following  reports  have  been  made  and  submitted  by  the  bureau 
during  the  fiscal  year : 

(1)  September  24. 1900.  Special  report  on  the  "  Cacub  "  coal  mine  of  Surlgao, 
the  "  San  Jos^  "  coal  mine  of  Samar,  the  "  Dinagat "  gold  mine  of  Surlgao,  and 
the  "  San  Isidoro  "  and  "  San  Luis  "  gold  mines  of  Cagayan  de  Misamis,  known 
as  "  The  Sanger,  Vera  &  Co."  claims,  by  direction  of  the  honorable  Secretary  of 
War. 

(2)  S^tember  27,  1900.  Report  on  the  Spanish  title  of  the  "  Capunga," 
**  Tabio,"  and  "Acupan  "  gold  mines  in  Benguet. 

(3)  October  4,  1900.  Report  of  the  "  La  Cand^aria "  gold  mine  In  Ambos 
Gamarlnes. 

(4)  October  4,  1900.  Report  of  the  "San  Ricardo,"  "El  Angel,"  and  "El 
Patriarca  "  gold  mines  in  Ambos  Camarines. 

(5)  October  9,  1900.  Report  of  the  "  Pilar,"  "  Santa  Rita,"  "  San  Luis,"  and 
"  San  Antonio  "  gold  mines  In  Lepanto. 

(6)  October  9,  1900.  Special  report  on  canon  taxes  and  their  collection,  under 
the  Spanish  mining  laws  in  the  Philippines. 

(7)  October  10,  1900.  Report  on  Spanish  title  of  the  "Santa  Catalina"  and 
the  "  La  Aurora  "  gold  mines  In  Nueva  Eclja. 

(9)  November  3,  1900.  Special  report  on  the  mining  Industry  in  the  archi- 
pelago, the  Spanish  mining  laws  regarding  titles,  and  demands  and  require- 
ments of  the  mining  industry. 

«  For  table  showing  distribution  among  the  several  minerals,  see  p.  91. 
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(10)  December  28,  1900.  Special  report  on  "The  Quarries  of  Marlveles"  and 
the  various  claims  for  title  thereto  (with  complete  translation  of  all  official 
papers  and  documents  relating  thereto,  and  statement  of  the  law  of  quarries) 
in  Bataan. 

(11)  January  4,  1901.  Special  report  on  the  counterfeit  copper  coinage  in 
Lepanto. 

(12)  January  5,  1901.  Report  on  Spanish  title  of  the  "La  Esperanza"  coal 
mine  in  Sorsogon  (island  of  Bataan). 

(13)  January  6, 1901.  Report  of  the  "  Capunga,"  "  Tabio,"  and  "Acupan  "  gold 
mines  in  Benguet 

(14)  January  12,  1901.  Report  of  the  "  San  Eugenio  y  Kduardo  "  and  "  Pilar 
y  Mercedes  "  gold  mines  in  Lepanto. 

(15)  January  12,  1901.  Report  of  the  "  San  Alberto  "  gold  mhie  in  Lepanto. 
(10)  January  12,  1901.  Rei)ort  of  the  "Adela  y  Micaela  "  and  "Maria  Asun- 
cion y  San  Lorenzo  "  gold  mines  in  Lepanto. 

(17)  January  19,  1901.  Report  of  the  "San  Andres"  and  "San  Juan"  coal 
mines  in  Mindoro. 

(18)  January  19,  1901.  Report  of  the  "  Santa  Maria"  coal  mine  of  Mindoro 
(island  of  Semirara). 

(19)  January  23,  1901.  Report  of  the  "San  Felix"  gold  mine  in  Ambos 
Camarlnes. 

(20)  January  29,  1901.  Report  of  the  "San  Juan,"  "San  Antonio,"  "San 
Deograclas,"  and  "  Santa  Eufemla  "  coal  mines  In  Mindoro. 

(21)  February  20,  1901.  Report  of  the  "San  Maurlcio,"  "La  Concepcion," 
"  San  Sebastian,"  "  San  Federlco,"  "  Santa  Gertrudls,"  "  San  Alfredo,"  "  Santi- 
ago." "San  Ciriaco,"  "  Nleves,"  "San  Cirlaco"  (of  September  29,  1892),  "San 
Marcellno,"  "  San  Juan  "  (of  September  29, 1892),  "  San  Vicente,"  "  San  Juan," 
"San  Juan"  (overplus),  "San  Enrique,"  "San  Antonio,"  "San  Antonio" 
(first  overplus),  "  San  Antonio"  (second  overplus),  " Trinidad,"  " Dofia  Maria," 
"Animas  del  Purgatorlo,"  "  Dofia  Margarita,"  "  San  Jorge,"  "  Santo  TomAs," 
"Esperanza,"  "Francisco,"  "Maria,"  "  Norla,"  "  Fellcldad,"  "Carldad,"  "San 
Ram6n,"  "Aurora,"  "  Nueva  Gallcla,"  "  Rosalia,"  and  "  Lulsa "  gold  mines  In 
Ambos  Camarlnes. 

(22)  February  25,  1901.  Report  of  the  "Alfa,"  "  Beta,"  "  Delta,"  and  "  Epsl- 
lon  "  kaolin  mines  In  Laguna. 

(23)  March  1,  1901.  Report  of  the  "  La  Esperanza  "  copper  mine  In  Lepanto. 

(24)  March  4,  1901.  Special  report  (to  the  chief  engineer.  Division  of  the 
Philippines)  on  "The  quarries  and  marbles  of  Romblon  Island." 

(25)  March  26,  1901.  Special  report  on  the  "Danao  (3oal  Mining  CSompany" 
of  Cebu. 

(26)  March  26,  1901.  Report  on  the  Spanish  title  of  the  "  Santa  Balblna," 
"  La  CJoncepclon,"  and  "  San  Nicolas  "  gold  mines  in  Ambos  Camarlnes. 

(27)  March  27,  1901.  Report  of  the  "  Magallanes,"  "  Gtermanla,"  "  Nueva  Cali- 
fornia, Ist,  2d,  3d,  4th,  and  5th,"  gold  mines  In  Ambos  Camarlnes. 

(28)  April  2,  1901.  Report  of  the  "La  Constancla "  gold  mine  in  Ambos 
Camarlnes. 

(29)  April  11,  1901.  Report  of  the  "  San  Rafael"  gold  mine  In  Ambos  Cam- 
arlnes. 

(30)  June  5,  1901.  Narrative  report  to  the  United  States  military  governor 
of  the  Philippine  Islands  for  the  fiscal  year  ending  June  30,  1901. 

(31)  June  25,  1901.  Report  to  the  United  States  military  governor  of  the 
Philippine  Islands  on  "The  Coal  Measures  of  the  Philippines,"  with  maps, 
plates,  and  tables. 

The  above  list  Includes  only  such  matters  as  have  been  completed,  and, 
while  representing  a  large  variety  of  subjects.  Is  really  but  a  small  portion 
of  the  work  actually  accomplished,  as  there  are  many  more  cases  pending  in 
the  bureau  and  in  a  more  or  less  advanced  state  of  progress.  The  subject- 
matter  of  these  reports  and  cases  will  be  referred  to  hereafter  under  appro- 
priate heads. 

******* 

The  Philippine  Islands,  from  a  mlneraloglcal  standpoint,  are  neither  a  terra 
Incognita  nor  are  they  an  exhausted  and  barren  waste.  The  discovery  and  use 
of  gold  In  these  Islands  of  course  does  not  belong  in  any  sense  to  the  Spanish 
discoverers  and  their  discendants.  Onturies  before  their  existence  was  known 
to  Europeans  the  original  natives  were  acquainted  with  and  accustomed  to 
the  use  of  gold  for  purposes  of  exchange  and  personal  adornment    The  tribes 


MINERAXr  RESOURCES,   MINES,  AND  MINING.  97 

of  Malays  and  other  races,  including  the  invading  Chinese,  made  a  more  extended 
search  and  a  larger  use  of  the  precious  metals.  It  is  an  interesting  historical 
fact  in  connection  with  the  archipelago  that,  upon  the  very  first  arrival  of  the 
Spaniards,  after  mass  had  been  said  at  the  landing  place,  an  Inquiry  was  imme- 
diately instituted  for  gold,  resulting  in  the  establishment  of  a  village  of  Spanish 
origin  shortly  afterwards  in  that  immediate  neighborhood  which,  with  tem- 
porary interruptions  only,  has  existed  as  a  gold  mining  camp  to  the  present 
day.  The  advent  of  the  Spaniards  greatly  stimulated  tlie  gold-mining  industry, 
but  it  Is  a  fact  most  clearly  established  by  subsequent  records  that,  contrary  to 
the  current  belief  in  the  United  States,  the  Spaniards  themselves  have  never 
been  in  any  sense  a  mining  people  in  the  Philippine  Islands.  Certainly  they 
have  never,  mined  for  gold  or  any  other  metallic  substances  themselves  in  the 
Philippines,  nor  have  they  allowed  this  to  be  done  by  others.  It  Is  useless  to 
enter  into  explanations  of  the  various  causes  of  this  condition ;  it  Is  sufficient 
for  the  present  purpose  to  state  the  conclusions  of  fact  The  gold  products  of 
the  Philippine  Islands  up  to  the  present  time  have  been  confined  almost  exclu- 
sively to  the  placer  gold  washings,  the  crude  methods  of  the  natives  in  working 
quartz  (if  the  methods  warrant  such  designation),  and  the  scarcely  less  crude 
and  futile  efforts  of  the  holders  of  the  Spanish  mining  concessions  from  the 
Crown  of  Spain.  They  did  not  systematically  work  or  develop  any  field  or 
deposit,  and  the  few  representatives  of  foreign  capital  who  had  obtained  in  later 
years  of  Spanish  domination  concessions  for  gold  mines  and  other  mineral 
deposits  were  interrupted  by  revolution  and  war  before  their  plans  could  be 
carried  to  completion  and  without  reference  to  other  causes  of  failure,  in  part 
due  to  burdensome  laws  and  regulations,  scarity  of  skilled  mining  labor,  and  an 
unwise  and  impractical  expenditure  of  working  capital. 

The  present  condition  Is  therefore  not  unlike  that  of  1844,  wherein  we  find  the 
inspector-general  of  mines  saying  to  the  governor-general,  "  It  seems  incredible 
that,  notwithstanding  it  is  now  more  than  three  centuries  since  the  Philippines 
were  discovered,  their  mineral  wealth  is  yet  unknown.  However,  nothing  is 
more  certain." 

In  this  connection,  and  as  bearing  directly  upon  the  pressing  necessity  for  a 
mining  code  in  these  islands,  it  may  be  truthfully  said  that  for  months  last  past 
and  in  every  part  of  the  archipelago,  the  miners  and  prospectors  have  preceded 
the  soldiers.  We  have  had  reports  from  nearly  every  island,  either  directly 
through  the  miner  and  prospector  himself  or  through  the  officers  of  the  army 
who  have  come  upon  these  hardy  pioneers  in  the  most  unexpected  locations. 
Rrom  every  portion  have  come  words  of  encouragement,  and  the  many  samples 
and  specimens  that  have  been  seen  and  examined  in  this  department  have  con- 
vinced us  that  the  mining  industry  in  the  Philippines  is  destined  at  no  distant 
day  to  exceed  in  volume  and  extent  the  anticipations  of  the  ultra  conservatives, 
if  it  does  not  equal  the  glowing  promises  of  the  oversanguine.  There  are  gold, 
copper,  lead,  iron,  coal,  sulphur,  granite,  marble,  and  petroleum  whose  exist- 
ence in  paying  quantities  has  now  been  clearly  established,  thanks  to  the  pioneer 
of  civilization — the  miner  and  prospector — although  no  discovery  has  been 
reported  that  warrants  the  exaggerated  idea  of  wealth  lying  loose  upon  the 
surface,  to  be  gained  by  the  mere  stooping  and  picking  It  up.  The  Influence  of 
the  miner  and  prospector  has  made  itself  felt  in  these  islands,  repeating  the 
history  of  our  own  great  West,  where  the  miner  blazed  tiie  trail  for  the  army  to 
follow,  and  with  dangers  and  risks  untold,  with  perseverance  and  zeal  challeng- 
ing admiration,  and  with  an  inherent  sense  of  right  and  justice,  created  laws 
and  summary  tribunals  and  made  possible  the  organization  and  perfection  of 
the  great  mineral-producing  States  of  the  West. 

The  development  of  the  mining  industry  In  the  Philippines  Is  one  that  is 
closely  connected  with  the  future  and  early  prosperity  of  the  archipelago. 
The  products  of  the  mines  are  needed  to  a  large  extent  for  home  consumption, 
and  the  people  in  many  parts  of  the  archipelago  are  In  need  of  employment. 
Roads  and  bridges,  a  prime  necessity,  are  being  constructed,  rendering  new 
countries  accessible,  and  with  it  creating  the  necessity  for  the  increase  of 
internal  productions,  and  in  this  the  mineral  resources  of  the  islands  should 
take  part,  and  they  would  do  so  if  the  opportunity  were  given  them. 
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I  have  r^erred  to  the  attempts  made  to  locate  mining  claims  on  the  part  of 
both  American  miners  and  prospectors  under  the  American  mining  laws»  and 
also  to  the  attempts  of  natives  and  others  to  make  such  locations  under  Span* 
ish  mining  laws,  and  the  desire  on  the  part  of  both  to  obtain  some  official  or 
semiofficial  recognition  therefor.  Much  time  and  money  has  been  spent  by  both 
these  classes,  and  e^)eclally  by  the  former,  and  it  is  my  candid  opinion  that  in 
spite  of  the  fact  that  proper  mining  tools  have  been  difficult  to  obtain,  the  al- 
lowance of  explosives  has  been  entirely  prohibited,  and  the  difficulties  to  con- 
tend with  have  been  extraordinary,  this  work  has  been  more  complete  and 
thorough  than  any  work  or  all  work  done  under  previous  governments,  and  the 
advantages  that  have  been  obtained  in  added  Information  as  to  the  nature, 
extent,  and  value  of  the  mineral  resources  have  been  of  inestimable  valua 
That  their  labor  has  redounded  to  the  public  benefit  Is  unquestioned,  and  it  is 
a  matter  of  sincere  regret  to  the  officer  in  charge  of  the  bureau  that  this  bureau 
has  been  unable  to  give  a  more  active  aid  and  assistance  to  those  who  have 
been  and  are  still  engaged  in  the  prospecting  of  the  mineral  lands  of  the 
islands,  by  enabling  them  to  obtain  a  recognition  of  their  rights  by  which  they 
could  secure  capital  to  further  their  development;  and,  while  It  may  not  be 
possible  or  even  desirable  to  furnish  a  means  for  recognition  based  upon  loca- 
tions and  discoveries  made  prior  to  the  passage  of  a  mining  law,  yet  the  ele- 
ment of  injustice  to  these  pioneers,  both  foreign  and  American  and  native, 
should,  in  our  opinion,  be  removed  at  the  earliest  date  possible  by  the  passage 
of  a  complete  mining  code,  and  the  adoption  of  rules  and  regulations  for  the 
government  of  the  records  and  proceedings  to  obtain  title. 


GEOLOGICAL   SURVEY  OF  PANAY. 

In  the  archives  of  the  bureau  Is  a  very  excellent  work  on  the  Island  of  Panay, 
accompanlM  by  an  elaborately  drawn  and  carefully  prepared  map  of  that 
Island,  and  the  work  of  the  eminent  engineer,  Enrique  Abella  y  Casarlego.  The 
work  of  translating  this  volume  Into  the  English  language  has  been  nearly  com- 
pleted, and  when  completed  this  work  will  be  recommended  for  publication. 
This  work  will  be  ready  for  the  printer  by  December  31,  1901. 

GEOLOGICAL  SURVEY  OF  CEBU. 

The  Island  of  Cebu  has  also  been  surveyed  geologically  by  the  same  engineer 
and  a  small  but  complete  work  published  thereon.  This  has  been  largely  trans- 
lated, and  many  portions  of  It  have  been  Included  In  "  The  Coal  Measures  of  the 
Philippines,"  a  report  of  this  bureau  on  the  coal  fields  of  the  archipelago,  sub- 
mitted to  the  United  States  military  governor  June  25  [29],  1901.  There  Is  but 
one  copy  of  the  work  on  Cebu  In  the  bureau,  and  as  It  Is  a  treatise  of  great 
merit  and  value  It  Is  purposed  to  complete  Its  translation  and,  with  the  addition 
of  some  extra  plates,  maps,  and  later  Information,  recommend  Its  publication  as 
soon  as  the  work  of  the  bureau  will  permit.  Official  geological  surveys  have 
been  made  of  no  other  portions  of  the  Islands. 

THE  COAL  MEASURES  OF  THE  PHILIPPINES. 

The  work  of  compiling  a  history  of  coal  and  coal  mining  In  the  Philippines, 
and  the  completion  of  the  work  thereon,  which  was  mentioned  In  my  last 
annual  report,  was  pushed  forward  as  opportunity  oflTered  from  the  routine 
work  of  the  bureau,  and  the  time  spent  In  the  examination  of  Spanish  titles 
and  applications  from  claimants  for  the  recognition  of  their  titles  to  mines  by 
the  United  States  military  governor.  This  work  was  completed  and  closed  up 
on  June  26, 1901,  and  on  June  29,  1901,  was  delivered  to  the  United  States  mili- 
tary governor  with  a  recommendation  that  it  be  forwarded  to  Washington  for 
publication  in  the  Government  Printing  Office,  where  facilities  existed  for  the 
making  of  the  finer  maps,  plates,  and  tables  forming  a  part  of  said  report 
This  recommendation  was  approved.  While  this  report  is  not  complete,  and  can 
not  be,  it  has  been  our  effort  to  cover  so  much  of  the  subject  as  might  be  neces- 
sary for  the  Information  of  those  who  are  interested  in  the  development  of  coal 
fields  in  the  Philippines,  where  we  have  so  much  coal,  and  much  of  it,  as  has 
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been  clearly  proven  time  and  again,  superior  to  Japanese  coals.  Coal  is  bound 
to  be  one  of  the  leading  minerals  in  the  future  mining  industry  in  the  Philip- 
pines, and  not  even  in  gold  should  there  be  a  greater  interest  taken  than  in  the 
mining  of  coal.  But  above  all  the  United  States  Government  is  interested  in 
establishing  the  coal-mining  industry  in  the  Philippines,  since  the  advantage  of 
having  developed  coal  mines  within  its  own  country  in  the  Far  EJast  for  the  sup- 
ply of  its  fleet  upon  the  Asiatic  Station  in  case  of  necessity  or  emergency  is  too 
apparent.  In  this  connection  I  call  attention  to  the  fact  that  there  are  many 
coal  titles  of  apparent  validity  and  that  these  titles  have  been  granted  under  a 
law  which  exempted  these  mines  (and  coal  mines  and  iron  mines  generally) 
from  canon  and  percentage  taxation  upon  their  outputs  until  the  year  1918. 

WORK  ON   OOPPEB. 

Copper  is  also  a  very  widely  distributed  mineral,  and  while  there  is  but  one 
titled  copper  mine  appearing  upon  the  records  the  presence  of  copxmr  in  vari- 
ous forms  and  in  paying  quantities  has  been  clearly  established,  and  I  have 
directed  that  the  archives  be  examined  and  a  work  be  prepared  on  the  copper 
deposits  and  upon  copper  mining  in  the  Philippines,  covering  also  its  history 
and  general  and  useful  statistics,  and  this  work  is  in  progress  and  in  due  time 
will  be  submitted  and  recommended  for  publication.  Owing  to  the  pressure  of 
work  of  the  bureau  and  the  small  force  of  men  available  for  this  class  of  work 
no  early  promise  of  this  work  can  be  made  at  this  time. 

GOLD  MINING  AND  ITS   HISTOBT. 

But  by  far  the  most  interesting  historical  data  of  these  islands  is  the  his- 
tory of  gold  mining.  It  goes  back  to  the  year  1635,  at  which  time  and  four- 
teen years  after  the  discovery  of  the  islands  King  Philip  IV  issued  the  following 
decree,  referring  to  the  well-known  and  unquestionably  rich  gold  mineral 
deposits  of  Camarines : 

"Whereas  in  the  province  of  Camarines  in  the  Philippine  Islands,  distant 
from  the  city  of  Manila  more  than  60  leagues,  there  have  been  discovered  mines 
of  gold,  the  specimens  of  which  are  very  rich,  running  from  north  to  south 
9  leagues,  which  have  been  tested  by  washing  and  quicksilver,  and  there  have 
been  discoveries  of  other  mines  and  commencement  made  by  different  persons 
in  the  occupation  and  working  of  them ;  it  Is  our  pleasure  that  the.  miners  of 
said  Islands  shall  enjoy  all  the  privileges  which  are  conferred  and  established 
by  the  laws  and  ordinances;  and  we  command  the  governors  and  captain- 
general  that  they  take  special  care  that  they  be  observed,  and  that  the  mines 
be  occupied  and  worked  in  such  manner  as  may  best  promote  our  interests,  the 
Increase  of  our  royal  treasury,  and  the  good  of  our  vassals." 

It  is  not  our  purpose  to  state  our  opinions  In  this  report  In  reference  to 
gold  or  any  other  mineral  in  detail,  but  it  is  beyond  question  that  gold  is  very 
widely  distributed  In  these  islands  and  in  some  places  In  known  quantities 
and  conditions  to  make  it  immediately  profitable  to  work.  In  other  places, 
from  examinations  made  and  Information  obtained,  we  have  reached  the  con- 
clusion that  gold  will  also  be  found  in  other  localities  and  in  different  forms 
from  that  previously  known,  and  that,  under  wise  and  judicious  laws,  the  gold- 
mining  industry  will  take  rank  with  coal  and  copper.  It  is  desirable  that  a 
work  be  written  upon  this  subject  and  published  for  general  information  and 
in  the  same  manner  as  the  works  on  coal,  now  completed,  and  the  work  on 
copper,  now  In  course  of  preparation.  This  work,  however,  is  one  of  such 
magnitude  that  I  have  not  felt  warranted  in  recommending  the  large  increase 
in  the  force  of  the  bureau  that  would  be  necessary  to  classify  and  arrange 
the  great  mass  of  data  at  hand  on  that  subject  until  more  practical  work  could 
be  done  in  prospecting  and  mining,  and  for  which  powder  and  dynamite  and 
mining  tools  are  required,  and,  of  course,  under  the  existing  conditions  of  insur- 
rection and  martial  law,  the  use  of  explosives  has  not  been  hitharto  practicable 
or  possible. 

The  mines  themselves  ought  to  furnish  the  revenue  for  the  carrying  on  of 
these  studies  and  such  publications,  and  until  the  present  time  this  has  not 
been  considered  as  practical.  This  period  seems  to  have  passed  to  such  a 
degree  as  to  make  these  objections  to  an  increased  force  and  the  collection  of  a 
revenue  from  mines  no  longer  tenable,  and  as  soon  as  possible  a  plan  therefor 
will  be  submitted  to  the  authorities  in  these  islands. 
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In  addition  to  this  a  special  report  upon  "  The  quarries  of  Marlveles,"  and 
another  special  report  upon  "The  quarries  and  marbles  of  Romblon"  (the 
latter  furnished  to  the  chief  engineer,  Division  of  the  Philippines,  for  his 
information  in  connection  with  his  examination  of  the  same  for  official  pur- 
poses) have  been  made. 


MINING   MAP  OF  THE  PHILIPPINES. 

There  was  Imown  to  have  existed  in  this  bureau  at  one  time  a  very  valuable 
location  map  of  the  Philippines,  but  not  fully  completed.  It  has  been  our  good 
fortune  to  secure  a  copy  and  an  authentic  one  of  this  map,  together  with  some 
other  valuable  papers  and  maps,  and  but  a  few  weeks  are  needed,  when  we  are 
provided  with  the  draftsmen  that  are  asked  for,  to  complete  them  for  use. 
These  maps  are  of  great  value,  and  when  completed  we  shall  recommend  their 
publication  for  official  use  and  for  publication  in  connection  with  bulletins 
descriptive  of  the  mineral  deposits  of  the  islands. 


Indebtedness  to  Miners  and  Prospectors. 

This  bureau  acknowledges  its  indebtedness  to  the  miners  and  prospectors 
who  have  been  prospecting  the  public  lands  of  this  archipelago  for  nearly  two 
years  last  past,  and  with  no  means  oflTered  to  them  by  which  they  could  acquire 
any  right  of  possession  to  their  discoveries  outside  of  that  of  "  squatter  sover- 
eignty," and  who  have  aided  us  materially  In  the  study  of  the  mineral  resources 
of  the  Islands  by  bringing  to  us  specimens  of  the  rock  and  mineral  with  descrip- 
tions of  the  places  and  circumstances  under  which  the  same  were  found.  They 
have  exercised  In  every  Instance  a  good  influence  and  have  been  remarkable 
for  their  quiet  and  peaceable  relations  with  the  natives,  and  every  cause  of  com- 
plaint against  them,  when  Investigated,  has  been  found  either  entirely  ground- 
less or  grossly  exaggerated.  By  their  assistance  and  by  the  use  of  the  material 
contained  In  the  archives  of  this  bureau  and  its  museum  of  more  than  4,500 
specimens  we  are  enabled  to  say  that  the  value  of  the  mineral  resources  of  the 
Philippines  In  copper,  gold,  coal,  and  Iron  is  not  hypothetical  but  certain,  and 
that  the  resources  as  yet  are  comparatively  unknown  and  much  misunderstood. 
I  feel  warranted  in  saying  that,  with  a  good,  fair  mining  law,  faithful  and 
honest  administration,  and  reasonable  supervision,  there  Is  no  lack  of  capital 
willing  to  Invest  in  the  development  of  mines  In  the  Philippines,  and  I  am 
equally  certain  that  the  results  will  be  satisfactory  both  to  the  miner  and  pros- 
pector and  to  the  State.  The  miners  and  prospectors  will  soon  demonstrate 
these  things,  If  they  are  given  an  opportunity. 

Chables  H.  Burritt, 
Chief  of  the  Mining  Bureau. 


OFFICE  WOBK. 

Notwithstanding  natural  and  expected  difficulties,  translations  have  been 
made  of  the  "  Geological  study  of  Panay,"  by  Abella,  and  of  a  "  Brief  review  of 
mining  in  the  Philippines,"  by  the  same  author.  Work  has  been  begun  upon 
the  translation  of  "Data  for  a  geological  study  of  Luzon,"  by  Dr.  R.  Von 
Drasche,  and  several  articles  of  less  importance  and  length  have  been  trans- 
lated, among  them  a  description  of  copper  In  Mancayan,  by  Oeteno,  and  certain 
manuscripts  pertaining  to  copper,  these  last  for  the  preparation  of  the  report 
upon  copper  mentioned  above. 
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[From  Report  of  the  PhUipplne  Commlroion,  1902,  pt.  1,  p.  529.] 
EEPOET  OF  CHIE7  OF  BXTBEATT  OF  KUTES. 

GENERAL  AND  SPECIAL  REPORTS  OF  THIS  BUREAU. 

Although  somewhat  less  in  number  than  the  previous  year,  the  amount  of 
work  and  labor  covered  by  the  reports  of  this  year  is  far  In  excess  of  that 
reported  for  the  previous  year.    These  reports  are : 

June  25,  1901:  Report  to  Hon.  William  H.  Taft,  president  United  States 
Philippine  Commission,  on  the  "  Reorganization  of  the  mining  bureau,  with 
draft  of  proposed  act" 

July  6,  1901 :  Report  to  First  Lieut.  W.  B.  Burtt.  Fifth  Infantry,  U.  S.  Army 
(by  order  of  military  governor),  on  "  Field  notes  of  mines  In  Lepanto." 

September  2,  1901 :  Report  to  civil  governor  on  the  "  Opening  of  an  office  and 
the  collection  of  fees  for  recording  mining  claims  by  treasurer  of  Surigao." 

September  30,  1901 :  Annual  report,  1900-1901,  to  civil  governor.  (Appendix 
K,  Vol.  II,  Report  of  United  States  Philippine  Commission,  1901.) 

October  11,  1901 :  Report  to  the  secretary  of  the  interior  submitting  proposed 
mining  code  and  brief  thereon. 

October  17,  1901 :  Report  to  the  secretary  of  the  interior  and  "Abstract  of 
record  of  expedlentes  for  coal  claims  near  Cabancalan." 

October  23, 1901 :  Special  report  on  Sanger,  Vera  &  Co.'s  claims  and  record. 

October  24,  1901:  Report  on  "Application  for  recognition  of  copper-mining 
concessions  at  Mancayan,  Luzon,  province  of  Lepanto  (Cantabra-Filipina)." 

November  4, 1901 :  Report  to  the  secretary  of  the  interior  on  proposed  mining 
law. 

December  10,  1901 :  Report  on  the  "  Gil  Brothers'  coal  mining  claims  on  the 
island  of  Batan," 

January  10,  1902:  Report  (by  H.  D.  McCaskey,  M.  E.,  of  the  mining  bureau) 
to  Lieut.  Edward  Markham,  Corps  Engineers,  U.  S.  A.,  "Assays  of  certain 
coals,  Batan,  Japan,  etc." 

January  31,  1902:  Report  to  the  secretary  of  the  interior  on  "The  mining 
claims  of  Antonio  Fuset." 

February  4,  1902 :  Report  to  the  secretary  of  the  interior  on  "  The  Spitz  coal 
mines  and  claims  In  Cebu." 

February  17,  1902 :  Report  to  the  civil  governor  on  "  Estimates  for  fiscal 
year  ending  June  30,  1902." 

February,  1902 :  Bulletin  No.  1  of  the  mining  bureau,  on  "  Platinum  and  asso- 
ciated rare  metals  in  placer  formations,"  by  H.  D.  McCaskey,  B.  S.,  mining 
engineer  of  the  mining  bureau. 

March  20, 1902 :  Report  to  Hon.  W.  L.  Goldsborough,  city  attorney  of  Manila, 
on  "  The  quarries  of  Binangonan." 

June  7, 1902 :  Report  to  Hon.  W.  Morgan  Shuster,  collector  of  customs  for  the 
Philippine  Archipelago  on  "  Importation  of  skilled  labor  for  mining." 

August  7,  1902 :  Report  to  the  civil  governor  on  "  The  iron  mines  of  Angat,  in 
Bulacan — the  Constancia,  Santa  Lutgarda,  and  Hison  mines."  (This  report 
relates  to  titles  and  history  only.) 


MINKRALOGICAL  AND  GEX)LOGICAL  SURVEYS. 

The  most  important  work  of  the  mining  bureau  has  been  its  institution  of  a 
system  of  mineraloglcal  and  geological  surveys.  After  a  careful  consideration 
and  study  of  the  practical  needs  of  this  country  and  a  review  of  the  work  along 
these  lines  attempted  in  former  years,  a  plan  was  perfected  for  a  survey  of  the 
iron-mining  region  of  Bulacan,  within  the  jurisdictional  limits  of  the  pueblo  of 
Angat.  The  United  States  Philippine  Commission  granted  the  necessary  appro- 
priation, and  oji  March  3,  1902,  the  party  left  Manila  under  the  direction  of 
H.  D.  McCaskey,  B.  S.,  the  mining  engineer  of  this  bureau,  and  proceeded  to 
carry  the  plan  of  field  operations  that  had  been  agreed  upon  into  execution. 
The  expedition  was  in  every  sense  successful,  and  from  the  vast  amount  of  data 
and  material  collected  the  report  of  the  engineer,  which  will  be  published  as  a 
bulletin  of  the  bureau,  has  been  elaborated.  Mr.  McCaskey's  report  speaks  for 
itself,  and  I  take  this  occasion  to  recognize  the  careful,  studious,  and  painstak- 
ing labor  that  has  distinguished  him  in  the  performance  of  the  laborious  service 
in  connection  with  this  survey.    The  result  of  this  survey  embodied  in  Mr.  Mc- 
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Caskey's  report,  and  the  fine  collection  for  the  musenm,  has  demonstrated,  as  I 
believed  that  it  would,  the  wisdom  of  conducting  this  class  of  work  from  a 
bureau  located  in  Manila,  where  the  condi|;ion  and  needs  can  be  better  under- 
stood than  from  a  distant  point  in  another  country.  The  advantage  from  a 
scientific,  industrial,  and  economical  point  of  view  is  all  in  favor  of  the  perma- 
nent establishment  and  early  organization  of  a  system  of  mineralogical  and  geo- 
logical surveys  conducted  along  substantially  the  same  lines  as  that  which  has 
been  followed  in  the  Bulacan  Iron  regions. 

******* 

The  survey  in  Bulacan  was  conducted  at  a  long  distance  from  large  markets 
and  in  mountains  that  are  rough  and  precipitous,  covered  with  heavy  timber  and 
thick  tropical  undergrowth,  with  only  narrow  and  rough  footpaths,  and  where 
all  transportation  was  by  native  burden  bearers,  carrying  only  a  few  pounds  per 
man,  as  many  as  50  native  carriers  being  required  to  move  the  camp  and  sup- 
plies ;  and  yet  the  entire  cost  of  subsistence,  freight  transportation,  and  inspec- 
tion was  $30.98  less  than  the  item  of  subsistence  alone  for  a  like  party  an  equal 
leng^th  of  time  in  the  "  most  inaccessible  portions  of  the  United  States."  These 
figures  speak  for  themselves,  and  establish  the  fact  that  from  an  economical 
standpoint  these  mineralogical  and  geological  surveys  can  be  best  conducted  by 
men  who  have,  by  years  of  experience  in  this  country  and  an  acquaintance  with 
its  people,  acquired  the  necessary  practical  knowledge  of  the  methods  calculated 
to  produce  the  best  results  with  the  least  expenditure  of  money. 

BULLETIN   NO.   1. 

In  the  month  of  February  the  manuscript  for  the  first  bulletin  issued  by  this 
bureau  was  completed,  and  on  the  first  of  the  current  month  the  first  edition  of 
1,500  copies  was  delivered  by  the  public  printer,  and  it  is  now  ready  for  dis- 
tribution. It  is  entitled  "Platinum  and  Associated  Rare  Metals  in  Placer 
Formations,"  and  is  the  work  of  H.  D.  McCaskey,  B.  S.,  mining  engineer  for  the 
mining  bureau,  and  Is  intended  for  the  use  of  miners  and  prospectors.  The 
purpose  and  object  of  this  little  handbook  of  practical  information  is  well  stated 
by  its  author  in  the  opening  paragraph : 

**  It  is  perhaps  more  than  a  possibility  that  among  the  river  gravels  and  the 
beaches  of  the  Philippines  there  will  be  found  platinum  and  the  associated  met- 
als, whether  occurring  with  gold  or  not.  In  the  hope  that  these  rare  and  val- 
uable metals  may  be  eventually  discovered  and  worked  with  profit  in  these 
islands,  and  with  the  belief  that  information  bearing  upon  the  subject  will  be  of 
interest  and  value  to  placer  miners,  both  present  and  prospective,  this  bulletin 
is  now  published. 

"  We  have  prepared  these  notes  for  those  whose  inquiries  may  be  partially  or 
wholly  met  by  what  is  briefly  presented  here." 

And  this  purpose  is  carefully  elaborated  by  plain  and  easily  understood  de- 
scriptions of  mineralogical  characteristics,  useful  tests,  suggestions  for  concen- 
trating and  metallurgy  of  these  rare  metals.  It  Is  desired  to  extend  this  series 
of  bulletins  from  time  to  time,  and  it  is  believed  that  the  Interests  of  the  archi- 
pelago will  be  greatly  advanced  and  its  mineral  development  materially  quick- 
ened and  enhanced  by  similar  bulletins  upon  other  minerals.  The  cost  of  these 
bulletins  is  very  inconsiderable,  and  the  demand  for  the  one  already  published 
clearly  indicates  the  appreciation  of  those  who  are  actually  interested  in  pros- 
pecting in  these  islands. 

Charles  H.  Bubkitt, 
Chief  of  the  Mining  Bureau, 


[From  Report  of  the  Philippine  Comml8«ion.  1903,  pt.  2,  p.  327.] 
KEPOIIT  OF  TH£  CHIEF  OF  THE  XININO  BimEATJ. 

******* 

MINING    INDUSTRY    ESTABLISHED    AND    ITS    GENERAL    CONDITIONS. 

During  my  incumbency  of  this  oflSce,  dating  from  March  10,  1900,  owing  to 
the  lack  of  a  mining  law,  unsettled  conditions  during  a  large  portion  of  the 
time,  and  the  natural  dlflSculties  to  be  met  with  during  the  period  of  inaugu- 
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ration  and  establishment  of  a  civil  government  In  place  of  a  military  govern- 
ment, it  has  been  the  policy  of  this  bureau  to  avoid  expansion  and  to  devote  its 
time  to  a  thorough  preparation  of  the  work  demanded  for  the  establishment 
of  the  mining  industry  when  the  favorable  period  for  that  work  should  arise. 
Immediately  upon  my  return  from  my  vacation,  finding  that  the  law  enacted 
by  the  last  Congress  had  been  promulgated  and  was  generally  understood,  and 
that  the  conditions  under  civil  government  had  so  improved,  it  was  clear  that 
an  active  campaign  on  the  part  of  this  bureau  was  more  than  justified  and 
the  time  fully  arrived  when  the  work  so  long  contemplated  for  the  successful 
planting  and  establishment  of  the  mining  Industry  should  be  undertaken. 
Ck>nditions  are  no  longer  doubtful  or  problematical.  The  work  of  aiding, 
encouraging,  and  promoting  the  establishment  of  mines,  which  had  been  so 
Icmg  In  preparation,  and  to  a  limited  extent  already  inaugurated,  was  imme- 
diately undertaken,  and  with  gratifying  success.  The  island  of  Batan,  forming 
a  part  of  the  provincial  territory  of  Albay,  and  which  had  been  spoken  of  as  a 
"  solid  mass  of  coal "  is  to-day  in  process  of  rapid  development  with  the 
Spanish  corporation  Minas  de  Carbon  de  Batan  opening  the  rich  mines  called 
"  Bilbao  "  and  "  Chifladura,"  on  the  east  end  of  the  Island,  at  the  headwaters 
of  the  Calanaga  River,  and  with  an  electric  railway  in  process  of  construction, 
connecting  the  mines  with  a  deep-water  harbor  on  Calanaga  Bay ;  while  at  the 
same  time  Lieut  H.  L.  Wigmore,  Corps  of  Bhigineers,  TJ.  S.  Army,  with  a  force 
of  competent  and  sldlled  miners,  under  direction  of  the  Secretary-  of  War,  is 
opeiing  and  developing  the  coal  seams  on  the  west  of  the  same  island  near 
the  village  of  Linguan,  and  with  a  core  drill  is  carrying  on  a  systematic 
examination  of  these  deposits  for  the  purpose  of  determining  their  extent 
and  value 

The  well-known  gold  deposits  of  Mambulao  and  Paracale,  in  Ambos  Cama- 
rines,  where  large  holdings  under  Spanish  grants  are  owned  by  sundry  claim- 
ants generally  spoken  of  as  the  German  syndicate  and  the  English  syndicate, 
and  whose  labors  were  interrupted  by  the  revolutions  of  1896  and  1898,  have 
again  acquired  an  active  development.  The  properties  of  both  organizations 
have  again  been  occupied,  the  mines  examined  and  reported  upon  by  able 
experts  from  Europe  and  the  United  States,  and  it  is  understood  that  capital 
has  now  been  secured,  and  that  during  the  next  year  the  stamps  will  be  fall- 
ing. With  the  addition  of  other  companies  formed  and  in  process  of  formation, 
this  well-known  and  rich  auriferous  region  will  be  transformed  into  a  bus- 
tling and  prosperous  mining  camp.  In  the  accomplishment  of  these  results 
in  Albay  and  the  Cnmarines,  this  bui-eau  has  taken  an  active  part,  and  the 
desirability  of  the  inauguration  of  the  work  of  encouraging,  aiding,  and  pro- 
moting the  mining  industry  along  the  lines  followed  by  the  state  bureaus  of 
mines  in  the  United  States  has  been  clearly  demonstrated.  The  work  of 
locating  mining  claims  under  the  new  mining  laws,  and  the  prospecting  and 
developing  work  done  thereon  in  Surigao  (island  of  Mindanao),  Benguet,  and 
Lepanto-Bontoc  (island  of  Luzon),  and  many  other  localities  in  the  archi- 
pelago, with  which  are  connected  names  that  demonstrate  the  confidence  of 
our  best  men  in  the  mineral  resources  of  the  archipelago,  all  point  to  an  era 
of  careful,  conservative,  and  substantial  progress.  This  bureau  is  especially 
gratified  at  the  interest  shown  by  the  natives  in  the  several  mining  localities, 
and  their  efforts  to  investigate  and  develop  the  mineral  deposits  in  their 
several  localities.  In  general  terms,  progress  is  thus  indicated,  and  to  this 
result  the  bureau  has  contributed  in  no  small  degree,  many  of  these  enterprises 
having  been  under  consideration  and  report  for  more  than  two  years. 

STATUS  OF  BECOBDS   AND  REORGANIZATION. 

The  difficulties  connected  with  titles,  and  the  absence  of  mining  laws  during 
the  former  years  of  American  occupation,  have  presented  almost  insurmountable 
dlfficultie&  The  unclassified  and  heterogeneous  mass  of  records  and  archives 
in  this  bureau,  in  the  state  in  which  they  were  received  in  March,  1900,  added 
to  the  difficulties  instead  of  proving  an  aid  and  assistance,  as  they  should 
have  done.  They  have  hitherto  proved  a  hindrance,  since  the  partial  reports 
have  furnished  a  basis  for  publications  which  have  not  been  well  considered, 
resulting  in  the  exaggerated  importance  of  some  localities  that  had  been 
proven  to  be  of  littie  or  no  value  upon  subsequent  examinations  and  reports, 
while  other  localities  of  known  and  established  merit  have  been  completely 
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ignored.  Last  year  this  bureau  was  able  to  report  the  classification  and  ar- 
rangement of  the  contents  of  the  many  portfolios  of  documents,  titles*  and  other 
papers,  to  which  has  since  been  added  a  chronological  classification,  taken  from 
the  record  books  of  various  kinds,  and  the  two  works  have  now  been  consoli- 
dated into  one  general  chronological  index,  and  the  final  and  perfect  transcript 
is  now  being  transferred  to  permanent  books,  and  at  the  date  of  this  report 
has  been  brought  down  to  the  year  1893,  and  will  be  completed  in  a  few  weeks. 
In  this  work  the  chief  of  the  bureau  acknowledges  and  commends  the  work  of 
Gabriel  M.  de  Ubago,  who  has  been  with  the  bureau  since  its  organization, 
and  who  has  gained  a  knowledge  and  insight  into  this  class  of  work  that 
renders  his  services  well-nigh  invaluable.  Gabriel  M.  de  I'bago  is  a  native  of 
Manila  and  a  young  man.  His  work  in  this  bureau  clearly  demonstrates  the 
capability  and  adaptability  of  the  i>eople  of  the  islands,  when  educated  and 
trained,  to  become  proficient  in  deimrtments  of  labor  requiring  mental  applica- 
tion and  Industry. 

Out  of  these  diflicultles,  and  as  a  result  of  experimental  work  in  field  surveys 
and  reconnoissances,  and  experiments  in  the  promotion  and  encouragement  of 
genuine  and  applied  mining,  has  grown  the  proposition  for  reorganization  now 
before  the  honorable  Philippine  Commission  for  consideration  upon  a  minute 
and  extended  rei>ort  of  the  chief  of  this  bureau,  made  under  the  direction  of 
the  dei)artment  of  the  interior  and  the  special  reiwrt  of  H.  D.  McCaskey,  B.  S., 
the  plan  for  which  is  discussed  in  his  reix)rt  hereto  attached.  This  has  been 
further  supplemented  by  a  voluminous  re|)ort  to  the  acting  secretary  of  the 
Interior,  from  this  bureau,  made  since  Mr.  McCaskey*s  annual  report  was 
written,  in  which  every  practical  detail  is  pointed  out,  showing  the  necessity 
for  the  reorganization  recommended.  These  suggestions  are  practical,  not 
purely  theoretical,  having  been  clearly  demonstrated  by  experience.  Actual 
established,  dividend-paying  mines  are  needed.  With  proper  encouragement 
it  has  been  demonstrated  that  they  can  be  established.  I  have  asked  and 
recommended  that  there  be  placed  at  the  head  of  this  bureau  a  mining  engineer 
and  geologist,  and  that  he  be  provided  with  two  able  and  efficient  assistants, 
which  will  enable  him  to  place  in  the  field  each  year  during  the  dry  season 
three  field  parties  for  geological  and  mineraloglcal  reconnoissances,  and  that 
all  remaining  matters  relating  to  titles  be  transferred  to  the  bureau  of  public 
lands,  where  the  titles  to  mineral  lands,  under  the  new  law,  are  now  located 
by  virtue  of  the  act  of  Congress,  thus  leaving  this  bureau  for  the  geological 
and  mineraloglcal  studies  just  Indicated,  and  the  systematic  work  of  encourage- 
ment and  promotion  of  mining  industry  along  the  lines  followed  by  the  several 
state  mining  bureaus  in  the  United  States,  but  a  work  which  is  not  accom- 
plished or  attempted  by  the  Geological  Survey  of  the  United  States. 

In  the  first  order  for  the  reestablishment  of  this  bureau.  General  Order  31, 
Oflfice  of  the  Ignited  States  Military  Governor,  March  10,  1900,  the  question  of 
titles  and  mining  legislation  was  the  most  important  work  needing  attention. 
My  knowledge  on  these  subjects,  and  my  experience  of  many  years  in  mining 
and  mining  regions  of  the  United  States,  prompted  my  detail  as  a  United  States 
volunteer  officer  for  the  undertaking  of  this  work.  With  the  retirement  of  the 
military  government  and  the  successful  establishment  of  the  civil  government, 
the  inauguration  of  the  logical  reconnoissances  and  the  establishment  of  suc- 
cessful mining  operations.  It  would  seem  that  the  time  had  arrived  for  my  re- 
tirement as  chief  of  the  bureau  and  the  selection  of  a  man  who  is  at  once  a 
mining  engineer  and  a  graduate  of  a  reputable  school  of  mines,  and  I  have 
so  recommended,  and  again  renew  my  recommendation.  In  retiring  from  the 
active  direction  of  this  bureau.  In  the  work  of  which  I  feel  the  strongest  in- 
terest, I  desire  to  express  my  appreciation  of  the  supjwrt  I  have  received  from 
the  secretary  of  the  Interior  and  his  associates  on  the  Ignited  States  Philip- 
pine Commission,  and  at  the  same  time  I  urge  upon  them  the  necessity  for 
the  reorganization  and  thorough  equipment  of  this  bureau  for  carrying  out 
the  plans  for  the  development  of  the  mining  industry,  which  It  has  been  my 
pleasure  with  the  able  and  loyal  assistance  of  H.  D.  McCaskey,  as  mining 
engineer,  to  inaugurate. 


MINERALOGICAL    MAPS. 

The  bureau  has  completed  a  map  of  the  archipelago  showing  the  mines  and 
mineral  discoveries  of  the  archipelago,  upon  which  the  authenticated  mines 
and  proven  mineral  deposits  of  value  are  shown  and  all  deposits  based  upon 
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minor  or  insufficient  proof  have  been  omitted.  The  object  and  purpose  of  this 
map  is  to  show  known  and  proven  deposits  only,  and  does  not  purport  to  rep- 
resent all  mineral  deposits  in  the  archipelago,  regardless  of  the  source  or  value 
of  the  information.  The  map  has  been  furnished  with  an  appropriate  border, 
and  is  the  work  of  the  two  native  draftsmen  of  this  office,  Hugo  Navarro  and 
Justo  Reynoso,  and  this  portion  of  the  map  is  from  their  own  original  designs. 
It  is  a  work  of  art,  and  reflects  the  greatest  credit  upon  the  native  workmen 
who  made  it.    The  map  will  be  sent  to  the  St.  Louis  Exposition. 

MINAS  DE  CARB6n  DE  BATAN. 

In  April  of  this  year  an  informal  visit  of  inspection  was  made  to  the  coal 
mines  of  this  company  on  the  island  of  Batan.  A  brief  reference  to  these  mines 
has  been  made;  their  importance  demands  a  more  extended  notice.  Notwith- 
standing the  careful  preliminary  studies  of  the  Calanaga  coal  deposits  and  the 
islands  of  Batan,  both  from  Spanish  records  and  archives  and  the  reports  of 
our  American  engineers,  who  have  visited  this  locality  for  the  express  purpose 
of  investigating  and  reporting  thereon,  I  was  scarcely  prepared  for  the  combina- 
tion of  favorable  circumstances  exhibited  at  the  mines  of  this  company,  where, 
on  the  occasion  of  my  visit  in  April  last,  I  found  20  Spanish  miners  from  Bil- 
bao, Spain,  with  a  force  of  50  natives  and  Chinese,  actively  engaged  in  opening 
up  the  deposit  of  coal  of  the  Bilbao  mine,  and  all  under  the  direction  of  an 
expert  and  trained  Spanish  mining  superintendent.  The  Bilbao  mine  is  located 
on  the  Calanaga  River,  about  11  miles  from  the  bay  of  the  same  name,  where 
the  company  have  erected  storehouses  and  other  buildings,  and  at  the  time  of 
my  visit  were  preparing  to  construct  a  wharf  to  enable  them  to  load  coal  direct 
from  the  cars  to  the  ships.  The  roadbed  for  an  electric  railway  was  being  con- 
structed, to  connect  the  mines  with  the  storehouses  and  the  wharf.  A  short 
time  after  my  return  the  truck  cars,  locomotives,  and  other  machinery  for  the 
plant,  all  of  modem  style  and  first  class  in  every  respect,  were  received  and 
shipped  to  the  mines,  where  they  are  being  installed.  Seven  tunnels  had  been 
started  on  the  Bilbao  at  the  time  of  my  visit,  all  of  which  were  only  slightly 
advanced,  but  sufficiently  to  discover  several  veins  of  coal  running  parallel  to 
each  other,  with  an  approximate  inclination  of  20*  and  a  width  of  1  meter. 
These  veins  are  from  3  to  3^  meters  apart,  and  the  strata  between  them  did 
not  seem  to  contain  any  substance  that  was  combustible.  The  roof  of  the  gal- 
leries seemed  to  be  very  strong,  and  the  abundance  of  timber  on  the  claim  itself 
and  in  the  immediate  vicinity  insures  a  cheap  and  practically  inexhaustible 
timber  supply.  The  tunnels  were  not  advanced  sufficiently  to  enable  us  to  give 
more  specific  descriptions  of  the  coal  deposits.  The  mine  is  so  situated  as  to 
facilitate  drainage,  and  a  short  distance  from  the  mine  are  commodious  and 
comfortable  houses,  erected  by  the  company,  for  the  shelter  of  a  mining  popu- 
lation of  200,  and  with  cleared  and  improved  ground  permitting  an  extension  to 
accommodate  as  many  thousand.  The  Calanaga  River  and  several  fresh-water 
springs  furnish  an  abundance  of  good  water  for  domestic  puri)oses.  The  system 
of  mining  adopted  is  what  is  known  as  the  Japanese  system,  and  arrangements 
have  been  made  for  the  establishment  of  a  village  of  50  families  of  expert 
Japanese  miners  and  their  employment  in  these  mines.  A  thriving  native  vil- 
lage has  sprung  up  on  Calanaga  Bay  about  the  warehouse  and  office  quarters 
of  the  company,  composed  almost  entirely  of  the  employees  of  the  company  and 
their  families.  The  evidences  of  Industry  and  the  general  air  of  prosperity, 
accompanied  by  skilled  and  practical  mining  work  under  the  direction  of  com- 
petent and  experienced  miners  and  superintendents,  were  all  very  gratifying 
indeed.  A  second  and  formal  inspection  of  these  mines  will  be  made  in  the 
immediate  future  and  a  special  report  made  thereon.  The  quality  of  the  coal. 
Judged  from  that  which  has  been  extracted  up  to  date,  is  very  good,  and  a  sur- 
vey of  the  coal  area  of  the  Bilbao  and  its  adjacent  holding  indicates  that  it 
will  sustain  a  production  of  1,000  tons  per  day  for  a  period  of  fifty  years  In 
case  the  veins  shall  prove  continuous  and  develop  according  to  local  and  outer 
appearances. 

GOVERNMENT  EXPERIMENTS. 

A  brief  reference  has  been  made  to  experiments  now  in  progress  and  the 
development  of  the  coal  areas  on  the  west  of  the  island  of  -Batan  under  the 
supervision  of  the  War  Department.    This  portion  of  the  island  of  Batan  has 
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been  withdrawn  from  settlement  and  mineral  location  under  the  prorialoiia  of 
the  following  executive  order: 

Executive  Order  )  Govbbnmknt  of  the  Philippine  Islajids, 

No.  34.  J  ManUa,  June  5,  1903. 

Pursuant  to  the  provisions  of  act  No.  648,  Philippine  Commission,  entitled 
•*An  act  authorizing  the  civil  governor  to  reserve  for  civil  public  purposes  and 
from  sale  or  settlement  any  part  of  the  public  domain  not  appropriated  by  law 
for  special  public  purposes  until  otherwise  directed  by  law,  and  extending  the 
provisions  of  Act  No.  627  so  that  public  lands  desired  to  be  reserved  by  the 
Insular  government  for  public  purposes,  or  private  lands  desired  to  be  pur- 
chased by  the  Insular  government  for  such  purposes,  may  be  brought  under  the 
operation  of  the  land  registration  act,"  I  hereby  reserve  and  withdraw  from 
sale,  settlement,  or  private  mining  claims,  for  the  purpose  of  governmental  coal 
mining,  all  the  public  domain  within  the  following  description :  All  that  part  of 
the  Island  of  Batan  west  of*the  shortest  straight  line  drawn  from  the  center  of 
the  mouth  of  the  creek  which  empties  into  the  head  of  Caracaran  Bay  on  the 
south  side  of  the  island,  to  the  waters  of  Caba  Bay  on  the  north  side  of  said 
island. 

Wm.  H.  Taft,  Civil  Governor. 
By  A.  W.  Febousson,  Ewecutive  Secretary. 

Located  within  this  area  are  the  first-class  Spanish  mining  grants  *'  Balerma/* 
"  Urgera,"  and  "  Ganalda,"  owned  by  Vlllauueva  &  Co.,  and  the  "  San  Francisco," 
owned  by  Emlllo  Mufloz,  both  residents  of  the  province  of  Albay,  to  which, 
for  civil  purposes,  the  island  of  Batan  is  attached.  These  mines  were  vis- 
ited by  the  chief  of  this  bureau  in  April  last  for  the  purpose  of  examining 
the  markings  and  verifying  the  Spanish  surveys  and  locations.  This  was  the 
first  ofllcial  examination  made  by  this  bureau  for  the  purpose  of  verifying 
Spanish  mining  surveys.  Various  reports  have  reached  the  bureau  during 
former  years  that  these  so-called  Spanish  mining  surveys  had  been  made  upon 
paper  alone  and  that  no  markings  or  tracings  of  the  survey  work  could  be 
found  upon  the  ground.  However  true  these  reports  may  be  in  other  cases,  as 
to  which  this  bureau  expresses  no  opinion  whatever,  they  were  found  to  be 
untrue  in  the  case  of  the  above-mentioned  mines.  Assisted  by  Lieut.  Edward 
M.  Markham,  Corps  of  Engineers,  U.  S.  Army,  a  thorough  examination  and 
verification  was  made  with  the  necessary  measurements  and  observations,  and 
upon  comparison  with  the  plats  and  field  notes  of  the  Spanish  official  survey, 
as  contained  in  the  records  and  archives  of  the  mining  bureau,  not  only  were 
the  original  comers  as  located  by  the  Spanish  engineers  found  in  place,  with 
one  or  two  exceptions  due  to  natural  decay  or  other  local  causes,  but  the  exact 
location  by  reference  to  fixed  and  permanent  monuments  was  found  to  be  In 
every  respect  accurate.  The  owners  had  also  fully  complied  with  the  act  of 
Congress  requiring  restaking  and  remarking  within  six  months  from  the  date 
of  the  promulgation  of  the  new  mining  law  provided  by  Congress,  supplementing 
the  original  survey  comers  and  discovery  posts  of  the  Spanish  engineers  wltii 
new  and  substantial  posts  and  carved  and  painted  signboard  markings.  The 
result  of  this  examination  was  reported  to  the  commanding  general  of  the  divi- 
sion of  the  Philippines,  at  whose  request  the  official  inspection  and  verification 
had  been  made. 

The  Sefiores  Villanueva  and  Mufioz,  claimants  of  these  mines,  readily  entered 
into  a  satisfactory  arrangement  by  which  the  Government  acquired  the  interest 
of  these  owners  in  their  mining  concessions  under  terms  that  were  satisfactory 
to  both  parties,  and  the  Govemment  entered  into  the  quiet  and  peaceful  pos- 
session of  these  properties. 

This  class  of  experimental  and  development  work  can  not  be  overvalued  in 
importance.  It  had  its  inception  in  the  report  of  this  bureau  on  "The  Coal 
Measures  of  the  Philippines,"  submitted  to  Gen.  Arthur  MacArthur,  military 
govemor  of  the  Philippines,  by  this  bureau,  on  June  30,  1901,  reeulting  in  a 
thorough  examination  of  the  various  coal  deposits  of  the  islands  by  direction  of 
the  Secretary  of  War,  for  the  purpose  of  selecting  a  site  to  be  used  for  experi- 
mental purposes  in  investigation  of  the  extent  and  value  of  the  coal  area.  Lieut. 
Edward  M.  Markham,  Corps  of  Engineers,  U.  S.  Army,  was  designated  for  this 
purpose,  and,  cooperating  with  and  assisted  by  this  bureau,  he  made  a  most 
thorough  investigation  and  report  with  recommendation  for  acquiring  the  piH^ 
ertles  above  described. 
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For  more  than  fifty  years  the  home  GoYermuent  of  Spain  had  been  Importuned 
to  assist  in  the  investigation  of  the  coal  areas  of  these  islands  and  to  promote 
their  development,  but  with  no  better  results  than  the  multiplication  of  orders 
and  decrees  directing  the  insular  government  to  aicourage  the  coal-mining  in- 
dustry, and  exempting  for  a  limited  period  coal  and  iron  mines  from  special 
taxaticm.  This  work  was  and  is  of  such  a  nature,  owing  to  the  peculiar  condi- 
tions that  prevail  here,  that  the  General  Government  should,  at  its  own  ex- 
pense, undertake  and  conduct  these  extended  investigations;  investigations 
that  are  not  practicable  or  reasonable  to  expect  from  private  persons  and  cor- 
porations. It  is  with  a  sense  of  gratification,  therefore,  that  I  report  this 
action  on  the  part  of  the  Government  of  the  United  Sates,  marking,  as  it  does, 
another  and  most  important  evidence  of  the  interest  felt  by  the  United  States 
in  the  future  welfare  and  prosperity  of  these  islands  and  their  population. 
The  Philippine  Islands  have  the  coal ;  it  is  good  steam  coal ;  it  ranks  with  the 
best  qualities  of  Japanese  coals ;  it  is  a  source  of  great  wealth ;  its  importance 
to  these  islands  is  such  that  the  continuance  of  the  present  labors  and  experi- 
ments should  receive  unqualified  indorsement  and  support,  as  I  have  no  doubt 
It  wUl. 

•  *  *         '         *  *  *  * 

BULLETIN  NO.  3. 

This  bulletin,  referred  to  in  the  report  of  Mr.  McCaskey,  entitled,  "  Report 
on  a  Geological  Reconnoissance  of  the  Iron  Region  of  Angat,  Bulacan,"  has 
come  from  the  press  of  the  public  printer,  is  now  being  distributed,  and  meets 
with  such  demand  that  the  edition  of*  1,500  copies  will  soon  be  exhausted.  Its 
Illustrations,  plates,  and  tables,  all  of  which  are  the  work  of  the  public  printer, 
are  of  first  quality,  and  it  is  believed  that  this  bulletin  will  result  in  the 
establishment  of  the  iron-mining  industry  in  Bulacan  upon  a  much  more  ex- 
tended scale  than  that  at  present  in  vogue  among  the  natives.  The  demand  for 
a  similar  survey  and  reconnoissance,  with  the  publication  of  bulletins  thereon, 
for  the  Camarines,  Lepanto-Bontoc,  Benguet,  and  the  island  of  Masbate  is 
urgent,  and  the  United  States  Philippine  Commission  has  been  requested  to 
provide  this  bureau  with  the  necessary  corps  of  employees  to  enable  this  work 
to  be  done  during  the  coming  dry  season.  I  strongly  recommend  this  increase, 
and  for  the  purposes  named. 

PBOGBE§S   OF   THE  TEAR. 

While  the  number  of  prospectors  has  been  greatly  diminished  during  last 
year,  the  real  and  substantial  progress  of  the  mining  industry  and  the  develop- 
ments, and  locations,  and  the  new  discoveries  far  exceed  that  of  any  previous 
year,  and  the  general  outlook  for  activity  and  success  In  the  mining  industry  is 
exceedingly  favorable. 

Chables  H.  Bubbitt, 
Chief  of  the  Mining  Bureau. 

Report  of  the  Mining  Engineer. 

FIELD   WOBK. 

During  the  past  eight  months  the  time  of  the  mining  engineer  has  been  so 
largely  taken  up  by  his  duties  as  acting  chief  of  the  bureau  that  opportunity  has 
not  been  given  for  the  amount  of  field  work  planned.  •  An  extended  survey  of  the 
mineral  regions  of  Benguet,  Lepanto,  and  Bontoc,  and  other  field  work,  had  been 
provided  for,  but  it  was  found  necessary  to  postpone  the  work  until  some  future 
time. 

The  bureau  is  furnished  with  but  one  engineer,  and  he  in  turn  is  furnished 
with  no  scientific  assistance  whatever.  As  a  result  of  this  organization,  the 
time  of  the  engineer  is  necessarily  divided  between  field,  office,  laboratory,  and 
museum  work,  and  In  addition  to  these  demands  he  has  been  for  five  months,  as 
above  stated,  the  acting  chief.  A  plan  is  proposed  for  the  now  urgent  reorgani 
cation  and  enlargement  of  the  bureau,  so  as  to  render  possible  more  extended 
scientific  research  and  this  subject  will  be  takei  up  in  another  part  of  this 
report. 
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Opportunity  presented  Itself  for  rapid  preliminary  field  work  in  the  Cala- 
mianes,  Guyos,  and  Paragua  groups  of  islands,  and  the  undersigned  was  for  six 
weeks,  in  all,  upon  exploratory  work  as  a  member  of  an  expedition  to  the 
Calamianes  and  Cuyos  islands,  under  the  Hon.  D.  C.  Worcester,  secretary  of 
the  interior,  in  December,  1902,  and  of  another  expedition  to  the  islands  of  the 
Calamianes,  Paragua,  and  Balabac,  under  Dr.  Paul  0.  Freer,  superintendent  of 
government  laboratories,  In  February  and  March,  1903.  These  islands  are  of 
particular  interest  geologically  because  of  their  location,  and  they  have  been 
but  little  studied  and  explored.  It  is  believed  that  some  valuable  information 
has  l)een  obtained  as  a  result  of  the  brief  season  of  field  work,  and  that  plans 
may  be  better  outlined  hereafter  for  further  work  in  the  islands  visited.  A 
separate  preliminary  report  upon  the  islands  of  Apo  and  of  the  Calamianes, 
Cuyos,  and  Paragua  groups  has  been  prepared  and  is  herewith  respectfully 
submitted. 

MINERAL  EXHIBIT  AT  THE  ST.  LOUIS  EXPOSITION. 

By  direction  of  the  honorable  the  secretary  of  the  interior,  the  undersigned, 
while  acting  chief  of  the  bureau,  prepared  and  submitted  an  outline  plan  for 
an  exhibit  of  the  mineral  resources  of  the  Philippines  for  the  Universal  Exhibi- 
tion at  St.  Louis  in  1904.  This  plan,  as  approved  by  the  honorable  the  secretary 
of  the  interior,  and  adopted  after  conference  between  the  honorable  the  secre- 
tary  of  the  interior,  the  member  in  charge  of  <he  exposition  board,  and  the  act- 
ing chief  of  the  mining  bureau,  is  as  follows : 

(1)  Geological, — A  representative  suit  of  geological  specimens.  Island  of 
Panay,  350  pieces  In  two  double  cases.  Representative  fossils  of  the  Philip- 
pines, including  samples  of  silicified  wood. 

(2)  Miner alogical, — Representative  minerals  of  the  Philippines,  including 
economic  mineral  products  (coals,  sulphur,  limestone,  gypsum,  petroleum,  kaolin^ 
asbestos,  fossil  copal,  etc.,  and  ores  of  metals).    Small  samples. 

(3)  Mining' and  quarrying, — Representative  ore  samples  from  the  mines  of 
the  Philippines,  larger  size  than  (2),  with  gangue  and  country  rock  exhibited, 
including  gold,  copper,  lead,  iron,  mercury,  coals,  and  sulphur.  Representative 
samples  of  building  stones  in  the  rough  and  polished.    Road  metal,  etc. 

(4)  Industrial. — Representative  exhibit  of  native  tools  and  implements  in 
mining  and  metallurgy.  Igorot  bateas,  pans,  picks,  ore  baskets,  models  of 
Bulacan  furnaces,  smelter-camarin,  and  furnace  accessories.  Representative 
exhibit  of  Filipino  mine  and  metal  workers.  Igorot  of  Lepanto-Bontoc,  Tagalos 
of  Bulacan,  etc.,  showing  native  methods. 

(5)  Illustrative, — Maps  and  plans  of  mining  regions,  mines,  and  improve- 
ments. Photographs,  enlarged  and  framed.  Illustrated  reports  on  mines  and 
geological  areas.  Bulletins  and  other  publications  of  the  mining  bureau,  in- 
cluding edited  translations.  Sketches  and  diagrams  of  machines  and  metal- 
lurgical processes.    Plaster  casts  of  volcanoes. 

Notes. — (1)  Two  collectors.  Intelligent  miners  who  have  been  in  the  mining 
districts  of  the  Islands  for  a  year  or  more  and  understand  the  routes  of  travel, 
native  characteristics,  and  practical  means  of  economy,  to  be  appointed  at  a 
reasonable  monthly  wage  and  expenses,  to  make  the  collections  under  proper 
supervision,  with  native  assistants  where  necessary.  (2)  Implements,  models, 
etc.,  to  be  made  by  natives  only  wherever  possible,  and  of  native  materials,  and 
every  piece  so  made  to  be  so  marked.  Cases  for  mineral  specimens  to  be  of 
Philippine  woods,  if  possible.  (3)  Large  oil  paintings  and  drawings  by  native 
artists  to  be  obtained.  If  possible,  to  plctorlally  Illustrate  In  color  Igorrote 
miners  and  smelters  at  work  in  the  mountains  of  Lepanto  and  Benguet,  Tagalo 
iron  smelter  men  in  Bulacan,  and  gold  washers  at  work  in  the  Camarines  or 
Mindanao,  to  show  native  methods,  tools,  etc.,  with  background  of  typical 
scenery  of  Philippine  mining  camps. 

This  plan  for  a  mineral  exhibit  has  been  adopted  by  the  exposition  board, 
and  as  that  l)oard  has  been  appointed  and  provided  by  the  commission  with  all 
funds  for  the  purpose,  the  work  is  being  carried  to  completion  largely  by  them. 
Two  thoroughly  capable  collectors,  Messrs.  Albert  P.  Wright  and  Valentin 
Wilson,  were  recommended  by  the  acting  chief  of  the  mining  bureau  and 
appointed  by  the  member  In  charge,  and  they  have  entered  enthusiastically  and 
ably  upon  their  work.  Their  first  Itineraries  having  been  arranged  upon  con- 
sultation with  the  bureau,  Mr.  Wright  has  canvassed  the  provinces  of  Benguet 
and  Lepanto-Bontoc,  and  Mr.  Wilson  has  covered  the  important  field  of  the 
Camarines.    At  the  time  of  writing  this  report  both  of  the  collectors  liave 
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returned  to  Manila  with  large  and  important  collections  of  samples  upon  the 
plans  outlined,  and  are  now  preparing  for  further  work. 

As  an  exhibit,  first  for  the  permanent  museum  which  was  opened  in  Manila 
on  February  23  by  the  Hon.  William  H.  Taft,  governor  of  the  Philippine  Islands, 
and  later  for  the  Philippine  exhibit  at  St.  Louis,  the  mining  bureau  has  con- 
tributed geological  and  mineralogical  collections,  plaster  casts  of  the  volcanoes 
of  Taal  and  Mayon,  and  samples  of  native  workers'  implements.  Further  con- 
tributions contemplated  are  maps,  plans,  publications,  and  such  further  collec- 
tions as  may  be  obtained. 


REPORTS. 

In  addition  to  the  "  special  report  upon  a  draft  for  the  reorganization  of  the 
mining  bureau,"  and  the  "  preliminary  report  upon  the  Calamianes,  Cuyos,  and 
Paragua  groups  of  islands,"  forming  part  of  the  work  of  the  mining  engineer  for 
the  present  year,  a  number  of  minor  reports  have  been  made,  copies  of  which 
are  in  the  letter  files  of  the  office  of  the  bureau,  upon  questions  of  geology, 
mineralogy,  mining,  and  mineral  resources  of  the  Philippines  and  submitted  to 
correspondents  of  the  bureau,  and  a  large  number  of  oral  reports  have  been 
rendered  to  the  chief  of  the  bureau  and  to  visitors  who  have  called  and 
requested  information  upon  the  subjects  named.  The  work  has  been  that  of  a 
consulting  mining  engineer  in  many  cases.  The  aim  has  constantly  been  to 
render  every  possible  official  and  professional  assistance  to  the  legitimate  devel- 
opment of  the  mineral  resources  of  the  islands  to  all  who  apply,  and  absolutely 
free  of  cost  It  is  hoped  that  this  important  branch  of  the  work  may  be  con- 
tinued and  Increased  until  consulting  engineers  open  offices  in  Manila  for 
private  practice,  after  which  time  it  may  not  be  thought  advisable  for  govern- 
ment engineers  to  deprive  these  men  of  their  proper  professional  fees,  and  to 
this  extent  the  assistance, of  the  engineer  of  the  bureau  may  then,  perhaps,  be 
much  more  narrowly  confined. 


[From  Report  of  the  Philippine  Commission,  1904,  pt.  2,  p.  379.] 

REPOBT  OF  THE  HININO  BTTBEAXT. 

After  having  completed  the  work  for  which  it  was  originally  organized  under 
the  military  occupation,  as  fuly  discussed  in  the  last  annual  reiwrt  of  this 
bureau,  the  bureau  was  reorganized  by  the  passage  of  Act  916  of  the  Philii)pine 
Ck>mmission,  which  act  went  into  effect  October  15,  1903. 

•  ***«*« 

The  functions  of  the  mining  bureau  are  prescribed  in  section  4,  Act  916, 
which  reads  as  follows: 

"  It  shall  be  the  function  of  said  bureau  to  make,  facilitate,  and  encourage 
special  studies  of  the  mineral  resources,  mineral  industries,  and  geology  of  the 
Philippine  Islands;  to  collect  statistics  concerning  the  occurrence  of  the  eco- 
nomically important  minerals  and  the  methods  pursued  in  making  their  val- 
uable constituents  available  for  commercial  use ;  to  make  collections  of  typical 
geological  and  mineralogical  specimens,  especially  those  of  economic  and  com- 
mercial importance,  such  collections  to  constitute  the  museum  of  the  mining 
bureau,  subject,  however,  to  transfer,  by  executive  order  of  the  civil  governor, 
to  any  general  museum  established ;  to  provide  a  library  of  books,  reports,  draw- 
ings, etc.,  bearing  upon  the  mineral  industries,  the  sciences  of  mineralogy  and 
geology,  and  the  arts  of  mining  and  metallurgy,  such  library  constituting  the 
library  of  the  mining  bureau ;  to  make  a  collection  of  models,  drawings,  and 
descriptions  of  mechanical  appliances  used  in  mining  and  metallurgical 
processes;  to  preserve  and  so  maintain  such  collections  and  library  as  to  make 
than  available  for  reference  and  examination  and  open  to  public  inspection  at 
reasonable  hours ;  to  maintain,  in  effect,  a  bureau  of  Information  concerning  the 
mineral  industries  of  the  Philippine  Islands;  to  make  an  annual  report  to  the 
secretary  of  the  interior,  setting  forth  the  important  results  of  the  work  of  the 
bureau,  such  special  reports  as  may  be  called  for  by  proper  authority,  and 
socli  bulletins  concerning  the  statistics  and  technology  of  the  mining  industries 
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and  of  tbe  geological  and  mineralogical  and  other  office  and  field  work  of  the 
bureau  as  may  be  approved  by  the  chief  of  the  bureau  and  ordered  published 
by  the  secretary  of  the  interior." 

The  functions  of  the  bureau  represent,  therefore,  those  of  a  state  mining 
bureau  in  the  United  States  rather  more  than  those  of  the  Federal  Geological 
Survey,  and  it  will  be  the  chief  aim  of  the  bureau  to  assist  in  the  establishment 
and  maintenance  of  a  mineral  industry  in  these  islands,  to  the  end  that  the  min- 
eral wealth  may  be  brought  into  active  yield. 

In  anticipation  of  the  present  organization  the  mining  bureau  has  done  work 
of  the  nature  above  outlined  during  the  past  three  years,  although,  as  originally 
established  under  the  American  occupation  by  the  order  of  the  military  gov- 
ernor, Gen.  E.  S.  Otis,  to  First  Lieut.  Charles  H.  Burritt,  the  most  Important 
work  of  the  bureau  under  the  late  able  chief  and  lawyer  was  the  review  and 
report  upon  the  status  of  Spanish  mining  claims,  and  the  study,  translation, 
and  interpretation  of  the  Spanish  mining  law  involved  therein.  The  importance 
and  magnitude  of  this  work  has  never  been  overestimated,  and  it  was  a  source 
of  well-deserved  satisfaction  to  Mr.  Burritt,  upon  his  elevation  to  the  bench,  to 
hand  down  to  his  successor  as  chief  of  the  mining  bureau  a  completed  work 
with  respect  to  the  Spanish  law  and  claim&  In  addition  to  the  above  important 
service  rendered,  (1)  of  translating,  editing,  abstracting,  and  publishing  the 
Spanish  mining  law  complete,  and  (2)  of  reviewing  and  reporting  upon  mining 
claims  pending  against  the  United  States  by  virtue  of  the  treaty  of  Paris,  the 
bureau,  under  Mr.  Burritt,  indexed  and  classified  all  records  received  from  the 
Spanish  In8i)ecci6n  de  Minas;  studied  the  mining  situation  with  reference  to 
recommending  legislation  for  the  building  up  of  an  industry ;  advised  the  g«i- 
eral  public  and  the  government  concerning  mining  rights;  translated  a  large 
amount  of  material  from  the  Spanish;  published  the  Coal  Measures  of  the 
Philippines,  and  Bulletins  Nos.  1,  2,  and  3;  submitted  ten  volumes  of  special 
reports  to  the  military  and  civil  governors  and  the  secretary  of  the  interior; 
initiated  field  work ;  and  upon  the  completion,  of  the  work  for  which  the  bureau 
was  originally  reestablished,  and  upon  the  increasing  demand  for  a  reorganized 
bureau  with  present  scope  and  purpose,  advocated  the  passage  of  Act  915,  '*An 
act  transferring  the  administration  of  mining  grants  and  claims  instituted  prior 
to  April  eleventh,  eighteen  hundred  and  ninety-nine,  from  the  mining  bureau  to 
the  bureau  of  public  lands,"  and  Act  916,  **Aji  act  reorganizing  the  mining 
bureau  and  prescribing  the  functions  thereof,"  the  substance  of  which  latter 
act  is  given  above. 

During  tbe  first  four  months  of  its  establishment  the  bureau  consisted  of 
its  chief  and  the  clerical  force,  and  no  provision  existed  for  a  technical  or 
scientific  branch.  During  July,  1900,  however,  authority  was  obtained  from 
the  military  governor  for  the  appointment  of  a  mining  engineer,  and  on  August 
1  the  present  chief  of  the  bureau  was  selected  for  that  position.  This  branch 
of  the  bureau,  technical  and  scientific,  took  charge  of  the  departments  of 
mineralogy,  llthology,  geology,  assaying,  field  work,  translation  of  technical 
papers,  the  extensive  collections  of  the  bureau,  the  preparation  of  maps  and 
plans  for  publications,  the  obtaining  of  Information  concerning  the  mineral 
resources,  and  the  preparation  In  general  for  the  future  needs  of  the  mineral 
industries,  and  it  was  this  branch  that  by  evolution  and  development  became 
the  reorganized  bureau  of  to-day.  Reports  were  made  by  the  mining  engineer 
to  the  chief  of  the  bureau  upon  various  questions  arising  during  the  work. 
A  large  number  of  minerals,  earths,  coals,  ores,  and  rocks  were  examined  and 
reported  upon  for  miners,  prospectors,  and  others;  Bulletin  No.  1,  "Platinum 
and  the  Associated  Rare  Metals  In  Placer  Formations,"  was  prepared  and 
puMlshed,  as  was  also  Bulletin  No.  3,  "  Report  on  a  Geological  Reconnoissance 
of  the  Iron  Region  of  Angat,  Bulacan;"  preliminary  field  work  was  done  in 
Bulacan,  Batangas,  Culion,  Busuanga,  Cuyo,  Paragua,  and  Balabac;  a  col- 
lection of  ores,  minerals,  and  rocks  was  prepared  for  the  St  Louis  Expoiritlon ; 
and  collections  of  minerals,  ores,  rocks,  catalogues,  books,  and  other  refer^ice 
material  were  begun,  for  use  not  only  In  bureau  work,  but  for  the  benefit  also 
of  miners,  prospectors,  and  others  to  whom  such  material  would  not  otherwise 
be  available,  and  whose  needs  the  bureau  should  constantly  strive  to  serve. 

It  Is  planned  under  the  present  reorganization  to  prosecute  field  work  as 
rapidly  as  possible,  in  order  that  the  mineral  resources  of  the  Islands  may  be 
reported  upon  without  further  delay;  to  take  up  statistical  work,  in  or4er 
that  the  recor<!8  may  be  kept  abreast  of  the  infant  but  growing  mineral 
Industry ;  to  prepare  and  publish  reports  and  bulletins  upon  the  subjects  above 
as  rapidly  as  opportunities  permit;  to  Increase  the  reference  material  of  the 
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bureau,  and  to  provide  for  the  giving  of  information  to  visitors  and  correspond- 
ents in  every  practicable  way ;  to  do  petrographic  and  paleontological  work, 
and  in  general  to  encourage  and  assist  in  the  upbuilding  of  a  profitable  mineral 
industry,  with  every  sarvice  of  the  bureau  free  to  all. 

♦♦♦♦♦•♦ 

In  this  connection  mention  should  be  made  of  the  Philippine  Mining  CJode, 
compiled  by  Mr.  D.  W.  Yancey,  attorney  of  the  bureau  of  public  lands,  con- 
tahihig  a  "Prospector's  Manual  and  Codification  of  the  Mining  Laws  of  the 
Philippine  Islands,  with  Forms:  with  which  is  published  an  appendix  con- 
taining the  acts  of  the  Philippine  CJommlssion  and  extracts  from  the  act  of 
GongresB  of  July  1,  1902,  relating  to  mlnhig."  This  little  manual  contains  in 
concise  form  the  Information  desired  with  reference  to  the  law  governing  Philip- 
pine mining  claims  subsequent  to  the  Philippine  act.  It  Is  published  by  the 
American  Book  and  News  CJompany,  Manila,  and  it  will  be  revised  and  brought 
up  to  date  from  time  to  time  as  subsequent  legislation,  rulings,  and  decisions 
may  suggest 

This  manual,  with  Burritrs  Abstract  of  the  Mining  Laws  (Spanish  mining 
codes),  constitute  the  r^erence  material  of  this  nature  desired. 

•  -♦  •  ♦  ♦  «  * 
The  field  work  of  the  bureau  has  also  resulted  in  additions  to  the  collections, 

particularly  of  ores  and  rocks.  The  field  party  under  Mr.  A.  J.  Eveland, 
geologist,  working  in  Lepanto,  brought  back  a  suite  of  nearly  100  specimens  of 
copper  and  gold  ores  and  smelter  products,  gangue  minerals,  country  rock,  and 
models  of  primitive  Igorot  metallurgical  apparatus  and  tools.  The  exploratory 
march  across  the  Island  of  Mlndoro  by  an  expedition  of  the  Twelfth  Cavalry, 
in  which  the  chief  of  this  bureau  took  part,  resulted  in  a  suite  of  20  specimens 
collected  at  intervals  across  the  Island,  showing  slates,  white  marbles,  and 
precious  serpentines  never  before  known  In  Mlndoro.  A  brief  trip  made  by  the 
chief  -of  the  bureau  to  the  Taal  Volcano  also  resulted  in  a  small  collection  of 
volcanic  rocks,  later  to  be  worked  up.  In  addition  to  the  above  a  large  number 
of  samples  of  ores,  coals,  clays,  rocks,  guanos,  and  a  few  fossils  have  been 
contributed  by  miners,  prospectors,  and  other  friends  of  the  bureau,  to  whom 
the  obligation  of  this  acknowledgment  of  appreciation  Is  due.  Among  these 
should  be  especially  mentioned  a  collection  of  28  samples  of  gold.  Iron,  and 
manganese  ores  of  the  mineral  region  of  Arroroy,  Masbate,  kindly  given  by 
Mr.  Heise,  whose  Interests  are  extensive  In  the  region  named. 

•  •***•* 

In  addition  to  the  field  work  outlined  above,  an  examination  was  made  by 
Messrs.  Ehreland  and  Ickls,  by  direction  of  the  chief  of  the  bureau,  of  certain 
gold-placer  deposits  at  the  J-unctlon  of  the  San  Mateo-Novallches  road  and  the 
Novallches  River,  In  connection  with  the  Identification  of  placer  platinum, 
evidences  of  which  metal  were  suspected  by  this  bureau  from  examinations  of 
gravel  brought  in  to  the  ofltee.  As  a  result  of  this  work,  and  the  final  confirma- 
tion from  the  bureau  of  government  laboratories  from  samples  submitted  by  this 
bureau  for  analysis,  the  chief  of  the  bureau  is  now  justified  In  announcing 
the  definite  discovery  of  platinum  in  the  Philippines.  The  amounts  found  are 
not  yet  of  commercial  importance,  but  it  is  hoped  that  more  favorable  reports 
may  be  made  by  this  bureau  as  a  result  of  more  extended  work. 

In  Rlzal  Province,  also,  the  chief  of  the  bureau  found  time  to  examine  some 
reported  coal  deposits  in  the  mountains  east  of  San  Mateo.  The  seams  ob- 
served were  found  not  to  be  of  soffldent  thickness  for  profitable  exploitation, 
and  by  analysis  the  coal  was  found  to  be  35  per  cent  ash.  Although  these 
Mftms  are  unimportant,  it  has  been  known  for  some  years  that  a  good  lignite 
occurs  in  apparently  large  amount  nearer  the  towns  of  Bosoboso  and  Antipolo, 
RisaL 

During  the  month  of  April  of  the  present  year  the  chief  of  this  bureau,  by 
invitation  of  MaJ.  W.  W.  Gibson  and  Capt  R.  B.  L.  Michle,  U.  S.  Army,  of  the 
General  Staff  Corps,  and  of  the  Military  Information  Division,  Headquarters  of 
the  Philippine  Division,  and  through  the  courtesy  of  the  officers  of  the  party, 
was  a  member  of  an  exploring  expedition  fitted  out  from  the  Twelfth  Cavalry 
at  Camp  McGrath,  Batangas,  for  the  purposes  of  crossing  Mlndoro  from  Baco, 
on  the  east  coast,  to  Santa  Cruz,  on  the  west  coast,  and  of  seeking  such  infor- 
mation as  was  to  be  obtained  concerning  the  people,  resources,  and  conditions 
of  the  interior  of  this  portion  of  Mlndoro,  hitherto  not  known  to  have  been 
exjaored. 
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The  Interior  of  Mindoro  traversed  by  this  expedition  was  found  to  contain 
no  settled  or  civilized  inhabitants,  the  only  natives  met  being  the  wild  Man- 
gy ans.  The  forest  contains  many  fine  woods — the  brea  blanca  and  what  ap- 
peared to  be  gutta-percha  and  nutmeg,  and,  on  the  higher  western  slopes,  true 
pine  trees — and  the  rock  exposures  showed  great  thicknesses  of  crystalline  lime- 
stone, much  of  it  a  fine  white  marble,  and  of  slates.  Precious  serpentine  was 
found  as  float,  as  was  bomite,  a  valuable  copper  ore.  The  streams  were  panned 
for  placer  gold,  platinum,  and  tin,  but  none  were  found.  The  rocks  In  general 
are  metamorphlc  and  apparently  of  considerable  age.  The  volcanic  rocks  were 
found  only  on  the  west  coast  The  upper  valley  of  the  Bagbajan  is  a  beautiful 
open  country,  suggestive  of  farming  and  grazing  possibilities.  The  soil  seemed 
rich  wherever  examined.  Wild  game,  both  large  and  small,  occurs  in  abun- 
dance, but  the  size  of  the  party,  and  the  rapid  marches  necessary  to  traverse 
the  island  before  the  supplies  were  exhausted,  prevented  much  satisfactory 
hunting,  as  this  rapid  progress  precluded  also  detailed  examinations  of  ex- 
posures where  found. 

•  *«•«** 

Advantage  was  taken  by  the  chief  of  this  bureau  of  the  half  holiday  of  July  2 
and  of  the  holidays  of  July  3  and  4  to  make  a  preliminary  visit  to  the  Taal 
Volcano,  in  Batangas  Province,  then  in  unusual  activity,  for  the  purpose  of 
collecting  material  for  study  and  of  outlining  plans  for  some  future  work.  It 
is  hoped,  as  opportunities  and  time  from  more  pressing  work  permit,  to  edit, 
bring  up  to  date,  and  publish  as  bulletins  of  this  bureau  reports  and  papers 
written  by  former  Spanish  geologists  of  the  Inspeccl6n  de  Mlnas  upon  volcanoes 
of  the  Philippines,  translations  of  which  have  already  been  made  by  the  under- 
signed. A  careful  study  of  volcanic  phenomena  should  throw  much  light  upon 
geologic  conditions  of  the  past. 

The  future  field  work  of  the  mining  bureau  has  been  planned  by  the  chief  of 
the  bureau  for  several  years  in  advance,  and  this  work  will  be  carried,  on  as 
fast  as  opix)rt unities,  the  field  force,  and  funds  appropriated  permit. 

With  appropriations  at  present  available  It  Is  planned  In  the  Immediate 
future  (1)  to  investigate  the  mineral  resources  of  Benguet,  and  Mr.  A.  J.  E3ve- 
land,  geologist,  will  probably  be  detailed  for  the  work;  (2)  to  examine  the 
coal  deposits  of  Batan  and  the  gold  gravel  deposits  of  Masbate,  and  the  chief 
of  the  bureau  will  attempt  sufficient  time  In  connection  with  his  other  work 
for  this  and  other  field  trips  of  comparatively  short  duration  of  time  from  the 
office;  (3)  to  continue  the  collection  of  statistics  and  general  Information  con- 
cerning the  mineral  resources  and  industry,  to  which  work  Mr.  Maurice  Good- 
man, field  assistant,  has  been  provisionally  assigned ;  (4)  to  continue  the  gather- 
ing of  information  concerning  brick  and  pottery  clays,  limes,  cements,  and 
building  stones,  the  beginning  of  which  has  been  made  by  Mr.  H.  M.  Ickis,  field 
assistant;  and  (5)  ui)on  the  appointment,  In  immediate  prospect,  of  the  other 
geologist  authorized,  to  systematically  examine  the  stratified  economic  deposits 
of  the  Islands  with  particular  reference  to  the  development  of  deposits  of  iron 
and  coal. 

In  practically  all  geological  and  other  survey  field  work  In  the  Philippines 
difficulties  must  be  overcome  due  to  the  heavy  vegetation,  insect  pests,  heat, 
rain,  lack  of  satisfactory  maps,  transportation,  labor,  and  frequently  of  supplies, 
and  to  the  menace  from  constant  exposure  to  continued  health  and  strength. 
That  these  difficulties  have  been  overcome  by  United  States  troops  and  by  pros- 
pectors in  the  past  has  been  mentioned  in  previous  reports  of  the  undersigned, 
and  that  they  are  being  surmounted  now  Is  continually  being  demonstrated  by 
field  parties  from  the  army  and  constabulary  and  from  various  bureaus  of  the 
government,  particularly  of  the  department  of  the  interior,  operating  and 
exploring  in  the  remotest  and  most  inaccessible  portions  of  the  archipelago. 

The  result  of  this  work,  largely  untouched  until  within  the  past  few  years,  is 
that  the  people,  natural  resources,  and  conditions  of  the  Islands  are  becoming 
better  known  and  knowledge  obtained  concerning  them  is  being  published  in 
form  accessible  to  the  government  and  general  public  alike. 

The  time  must  Inevitably  come  when  the  pioneer  work,  begun  so  many  years 
ago,  of  exploring  and  developing  these  islands  will  have  been  complete ;  it  is  a 
privilege  to  be  here  now  and  to  contribute  in  some  small  degree  to  this  end. 

Present  Status  of  Hinlng. 

Mining  development  Is  at  present  being  carried  on  in  Lepanto-Bontoc,  Ben- 
guet,  Bulacan,  Rlzal,  Tayabas,  the  Camarines,  Albay,  Masbate,  Cebu,  and 
Mindanao. 
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In  Lepanto,  according  to  the  report  of  Mr.  Eveland,  geologist,  assessment 
work  on  gold  and  copper  claims  has  been  done  to  considerable  extent,  although 
much  work  at  Mancayan  has  been  prospecting  only  in  the  softer  rock.  Some 
earnest  development  work  has  been  done,  however,  particularly  at  Suyoc,  and 
at  the  present  time  it  is  understood  that  further  serious  development  is  going 
ahead  at  Mancayan  upon  a  larger  scale  than  before  since  the  American  occupa- 
tion. Although  timbering  In  some  of  the  Lepanto  workings  is  reported  insuffi- 
cient, that  in  others  of  them  has  been  done  in  a  thorough  workmanlike  manner. 
The  miners  of  Lepanto  have  in  general  been  working  against  many  obstacles, 
not  the  least  of  which  have  been  difficulty  of  trans]()ortation  and  supply  and  a 
scarcity  of  funds.  They  deserve  credit  on  the  whole  for  what  they  have  been 
able  to  do. 

In  Benguet  much  more  important  work  has  been  done.  On  one  lead  at  Anti- 
mok,  Mr.  Kelly  has  persistently  developed  his  property,  a  promising  gold  lead, 
and  has  now  gone  to  the  United  States,  it  is  understood,  for  the  purpose  of  pur- 
chasing a  stamp  mill  complete.  A  little  farther  south  Messrs.  Petersen  and 
Clyde  are  developing  their  claims  in  a  businesslike  way  and  are  contemplating 
a  stamp  mill  with  dam,  flume,  and  a  turbine  power  plant.  Farther  south  some 
unfortunate  litigation  has  suspended  work.  The  Philippine  Gold  Mining,  Power, 
and  Development  Company,  of  which  Dr.  J.  F.  Kemp  is  president  and  Mr.  H.  J. 
Robinson  is  manager,  are  developing  five  gold  claims  about  4  miles  from  Kias, 
and  have  recently  purchased,  imported,  and  shipped  to  their  mines  a  10-stamp 
Hendy  mill,  with  a  Woodbury  concentrator,  a  Blake  crusher,  a  Pelton  water 
wheel,  capable  of  operating  60  stamps,  and  an  assay  equipment  complete.  For 
some  time  past  Mr.  Hartwell  has  been  operating  at  a  profit,  it  is  understood,  a 
3-stamp  mill  built  by  himself  in  the  Manila  shops.  This  is  the  pioneer  mill 
whose  stamps  have  fallen  during  American  occupation,  and  Mr.  Hartwell  de- 
serves great  credit  for  his  energy,  industry,  and  mechanical  skill.  Other  gold 
properties  are  being  earnestly  developed  in  Benguet,  a  number  of  them  prom- 
ising success,  and  it  is  hoped  that  detailed  information  concerning  them  may  be 
available  at  an  early  date.  Copper  has  also  been  discovered  in  Benguet,  and  a 
number  of  copper  claims  have  been  located,  recorded,  and  worked.  The  greater 
number  of  the  copper  ores  of  Lepanto  and  Benguet  carry  gold. 

In  Bulacan  the  iron  deposits  of  San  Miguel  de  Mayumo  and  Angat  have  been 
yielding  sufficient  ore  for  almost  continuous  smelting  on  a  small  scale  for  the 
casting  of  plow  shares  and  points.  Litigation,  unfortunately,  that  should  be 
brought  to  an  early  and  definite  conclusion,  is  still  afflicting  this  small  but 
prosperous  Industry  at  Angat.  As  shown  in  Bulletin  No.  3  of  this  bureau,  upon 
"A  geological  reconnoissance  of  the  iron  region  of  Angat,"  much  of  this  ore 
is  exceedingly  rich  and  pure,  and  the  deposits  are  believed  to  be  extensive 
indeed.  The  chief  of  this  bureau  greatly  regrets  that  up  to  the  present  he  has 
been  unable  to  interest  the  iron  works  and  foundries  of  Manila  in  the  investi- 
gation of  these  valuable  iron  deposits  so  near  at  hand.  It  seems  quite  feasible 
to  ship  these  ores  to  Japan,  where  the  demand,  is  is  understood,  is  great,  and 
the  supply  almost  entirely  of  foreign  origin.  This  matter,  rendered  more  hope- 
ful by  the  extension  of  the  Manila  and  Dagupan  Railway  through  the  town  of 
San  Miguel,  will  be  taken  up  with  exporting  companies  at  an  early  date. 

In  Rizal  some  prospecting  has  been  done  for  coal  and  gold,  and  natural 
cement  rock,  and  a  number  of  gold  placer  claims  have  been  located  and  worked 
to  the  north  and  west  of  the  towns  of  Montalban  and  San  Mateo.  In  some  of 
these  claims  platinum  occurs  in  small  amounts,  as  previously  stated  in  this 
report. 

In  Tayabas  a  number  of  claims  have  been  recorded  during  the  past  year, 
including  twenty-two  petroleum  locations.  Details  from  these  fields  have  not 
yet  been  obtained. 

In  the  Camarines  Province,  notwithstanding  the  valuable  concessions  granted 
by  the  Crown  of  Spain  in  the  gold  districts  of  Paracale  and  Mambulao,  practi- 
cally no  work,  beyond  the  original  restaking  required  by  law,  has  been  per- 
formed upon  these  claims.  B^xtension  of  time  for  the  legal  performance  of  labor 
required  by  the  Spanish  laws,  under  which  concessions  were  granted,  has  been 
generously  granted  by  the  honorable  civil  governor  upon  requests  by  the  British 
and  German  syndicates,  favorably  indorsed  by  this  bureau,  but  owing  to  dif- 
ficulties due  chiefiy  in  securing  capital  in  Europe  and  the  United  States,  it  is 
understood  this  time  is  rapidly  drawing  to  a  close  and  the  cancellation  of  the 
valuable  concessions,  upon  which  much  money  was  expended  during  Spanish 
days,  seems  the  inevitable  end.  This  is  greatly  to  be  regretted,  but  it  is  hoped 
that  future  companies  may  develop  the  gold  deposits  of  Mambulao  and  Paracale 
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to  the  extent  they  seem  to  deserve.  Much  pro^)ectiiig  has  been  done  in  the 
Camarines  during  the  past  four  years,  and  a  number  of  locations  have  be^i 
made  in  the  above  districts  under  the  present  laws.  Placer  and  dredger  mining, 
which  has  been  so  profitable  here  in  the  past,  is  reported  as  still  capable  of 
yielding  important  returns. 

In  Albay  Province  coal  mining  has  been  carried  on,  particularly  in  the  island 
of  Batan,  on  the  east  coast. 

The  Gil  Brothers  are  reported  to  be  developing  a  coal  mine  on  the  island  of 
Batan  in  five  seams,  each  1  meter  thick,  of  a  good  black  lignite,  with  a  force  of 
Spanish  and  Japanese  miners,  and  the  report  of  the  Japanese  engineer  who 
examined  the  **  Bilbao  "  mine,  upon  which  work  Is  now  being  done,  estimated 
that  when  fully  opened  up  this  mine  should  be  able  to  produce  1,000  tons  of  coal 
per  day.    These  expectations  are  yet  unfulfilled. 

In  Batan  Island,  also,  on  the  southwestern  peninsula,  reserved  for  military 
purposes,  Lieut  H.  L.  Wigmore,  Corps  of  EiUgineers,  U.  S.  Army,  assisted  by  a 
detail  of  men,  is  prosecuting  a  thorough  examination  of  the  coal  deposits  by 
means  of  the  diamond  drill.  The  coal  there  is  of  excellent  reputation  and  suit- 
able for  steamer  use. 

In  Masbate  much  prospecting,  assessment,  and  development  work  has  been 
done,  particularly  at  Arroroy,  on  the  north  coast.  Three  companies  have  been 
working  there,  and  one  of  them  has  recently  had  completed  in  San  Francisco  and 
pr^ared  for  shipment  a  modem  dredging  plant  complete.  This  company  has 
also  ordered  a  stamp  mill  for  crushing  Its  free  milling  ores.  The  prospects  here 
seem  bright. 

In  Cebu  some  prospecting  and  locating  has  been  done  upon  coal  deposits,  but 
so  far  as  known  no  real  development  has  yet  been  accomplished  since  Spanish 
days.  Within  the  last  few  months,  however,  much  interest  has  been  shown  in 
the  extensive  and  valuable  coal  deposits  of  Cebu,  and  in  the  near  future  some 
activity  in  mining  should  be  displayed. 

In  Mindanao,  with  the  exception  of  the  gold  fields  of  Placer  and  Surigao, 
where  a  handful  of  earnest  miners  have  been  working  for  the  past  two  years, 
the  status  is  largely  that  of  prospecting.  New  deposits  are  being  looked  for 
and  the  island  is  being  gradually  but  extaisively  explored. 

Through  the  courtesy  of  the  chief  of  the  bureau  of  public  lands  the  following 
information  was  obtained  showing  new  locations  during  the  fiscal  year  1904 : 

In  Ambos  Camarines,  10  lode  claims  (gold) ;  in  Batangas,  12  lode  claims  (not 
specified)  ;  in  Benguet,  43  lode  claims  (gold),  8  placer  claims  (gold) ;  in  Bula- 
can,  2  placer  claims  (gold)  ;  in  Capiz,  1  placer  claim  (gold) ;  in  Cebu,  2  placer 
claims  (coal) ;  in  Laguna,  4  placer  claims  (not  specified) ;  in  I^panto-Bontoc, 
36  lode  claims  (not  specified);  in  Masbate,  25  lode  claims  (not  specified),  25 
placer  claims  (not  specified) ;  in  Mindoro,  1  placer  claim  (gold),  2  claims  (1 
guano,  1  stone) ;  In  Misamls,  8  lode  claims  (gold)  ;  in  Pangasinan,  36  lode 
claims  (30  gold,  6  copper) ;  in  Rlzal,  21  placer  claims  (11  gold),  4  placer  claims 
(1  copper,  2  coal,  3  guano,  3  stone,  3  iron) ;  in  Surigao,  18  lode  claims  (gold) ; 
in  Tayabas,  45  placer  claims  (1  silver),  12  lode  claims  (4  copper,  22  petroleum, 
4  coal,  19  guano,  4  stone,  3  lead) ;  in  Zambales,  3  lode  claims  (not  specified). 

From  the  above  it  will  be  seen  that  there  have  been  reported  as  located 
during  the  fiscal  year  1904,  ending  June  30 : 

Lode  claims 209 

Placer  claims 109 

Total 318 

Of  these  the  following  are  represented : 

Gold  claims 132 

Silver  claims 1 

Copper  claims 11 

Petroleum  claims 22 

Coal  claims 8 

Guano  claims 23 

Stone  claims 8 

Iron  claims 1 8 

liCad  claims 3 

Not  specified 107 

Total 318 
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The  above  shows  a  steady  increase  in  prospecting,  locating,  and  recording 
claims. 

In  addition  to  mining  work  proper,  the  allied  mineral  industries  are  yearly 
becoming  of  greater  value  and  importance.  Briclc  and  pottery  are  being  made 
by  natives  in  a  large  number  of  provinces,  limestone  is  burned  for  lime  and 
it  is  hoped  will  soon  be  used  for  cement,  and  rocl^  for  building  and  other  pur- 
poses is  quarried  and  sold. 

The  quarries  on  the  island  of  Talim,  Lagima  de  Bay,  furnishing  rock  for  the 
streets  of  Manila,  and  of  Mariveles,  •  furnishing  rock  for  the  works  of  the  port, 
have  been  particularly  active  during  the  past  year.  The  rock  from  the  former 
is  a  typical  dark  basalt,  and  that  from  the  latter  a  gray  andeslte  in  part  with 
augite  in  important  amount  Through  the  courtesy  of  Mr.  L.  F.  Patstone,  super- 
intendent of  street  construction  and  bridges,  whose  efficient  engineering  skill 
and  ability  is  everywhere  evident  upon  the  improved  streets  of  Manila,  the 
following  information  is  abstracted  from  his  annual  report:  The  rock  for 
Manila  is  quarried  at  the  island  of  Talim,  Laguna  de  Bay,  crushed  at  the  plant 
there  equipped  with  one  125-horsepower  engine  and  three  crushers  with  a  com- 
bined capacity  of  63  tons  per  hour,  and  brought  to  Manila  in  cascos,  a  distance 
of  27  miles.  The  force  at  Talim  consists  of  a  foreman,  at  $100  per  month,  and  1 
quarryman,  1  engineer,  1  assistant  engineer,  1  capataz,  and  95  laborers,  at  W, 
W.50,  1P2.50,  M.50,  and  W  per  day,  respectively.  The  amount  of  rock  crushed 
during  the  year  was  33,045  cubic  meters,  at  a  total  cost  for  labor,  coal,  dyna- 
mite, powder,  oil,  and  waste  of  $3,010.17,  the  crushed  rock  being  delivered  at 
the  Bridge  of  Spain,  Manila,  at  a  cost  of  $1.18  per  cubic  meter.  These  figures 
show  extensive  work  and  are  complimentary  to  those  in  charge. 

Through  the  courtesy  of  the  superintendent  of  the  Atlantic,  Gulf,  and  Pacific 
Company,  the  following  information  has  been  obtained  concerning  the  rock 
quarries  at  Mariveles,  Manila  Bay:  The  number  of  natives  employed  at  the 
quarries  is  about  1,000,  directed  by  a  force  of  from  30  to  40  white  men.  There 
are  excellent  facilities  for  handling  the  rock  and  loading  it  upon  barges  for 
transportation  across  the  bay.  The  company  are  using  18  derricks,  with 
dummy  engines  and  cable  complete.  The  amount  of  rock  quarried  to  date  is 
at>out  603,000  tons,  and  the  amount  quarried  at  present  is  at  the  rate  of  20,000 
tons  per  month.  The  native  labor  is  paid  on  the  average  PI .10  per  day  and 
under  proper  supervision  has  been  very  satisfactory.  The  labor  problem,  in 
the  opinion  of  the  chief  of  this  bureau,  has  been  solved  to  the  lasting  credit  of 
the  officials  and  foremen  of  this  company.  The  natives  are  content,  enjoying 
complete  community  life,  with  houses,  schools,  and  churches  erected  by  the 
company,  and  they  give  a  fair  day's  work  for  the  wages  paid.  They  are  satis- 
fied and  the  company,  as  a  matter  of  fact,  faces  no  "  labor  problem  "  at  all. 

In  addition  to  the  above  industries,  earths  are  dug  from  clay  banks  in  many 
provinces  for  use  in  whitewashing  and  other  wall  decoration,  and  a  mineral- 
paint  factory  in  Santa  Ana  is  doing  an  excellent  business  in  paints  made  ex- 
clusively from  Philippine  earths.  Plans  are  now  on  foot  for  a  reorganization 
of  this  business,  with  largely  increased  capital,  for  the  extension  of  its  trade. 

Mining  labor  has  not  yet  been  develoi>ed  as  such  to  any  great  extent  In  the 
Philippines.  The  Manila  Street  Railway  Company,  the  city  engineer  and  his 
corps  of  engineer  superintendents,  the  Atlantic,  Gulf,  and  Pacific  Company,  and 
the  bureau  of  improvements  of  Benguet,  all  employing  large  numbers  of  native 
laborers,  have  demonstrated  a  theorem  suggested  by  this  bureau  two  years  ago : 
The  success  achieved  is  largely  a  matter  of  compet«it  supervision  exercised  by 
the  l)est  foremen  to  be  obtained.  The  Tagalogs,  Igorrotes,  and  Bicols  are  re- 
ported to  be  fairly  good  quarrymen  and  outside  men,  and  with  able  white 
foremen  should  be  able  to  furnish  the  bulk  of  the  labor  required.  True,  natives 
can  not  perform  the  amount  of  work  of  an  equal  number  of  white  men  in  the 
mines,  but  this  need  not  prevent  their  use.  The  great  gold  mines  of  India  and 
of  the  Rand  are  worked  with  native  labor,  and  among  these  are  13  of  the  first 
20  gold  mines  in  the  world.  It  should  be  borne  in  mind  that  there  is  no  large 
class  of  natives  in  these  islands  as  yet  that  has  been  tried  in  mines,  and  it 
should  be  remembered  that  failure  to  succeed  outside  need  not  necessarily 
condemn  labor  underground.  Conditions  in  mines  are  pretty  much  the  same 
the  world  over,  and  labor  that  may  be  lazy,  shiftless,  and  unsatisfactory  under 
the  tropic  sun  may  prove  excellent  in  the  cooler  air  of  the  mines.  A  Spanish 
mining  superintendent  is  authority  for  the  statement  that  he  could  secure  65 
good  Visayan  miners  in  the  city  of  Cebu  to-day  and  begin  the  development  of 
any  coal  mine  in  that  island;  that,  with  these  men  Instructing  raw  material, 
he  could  in  time  develop  any  reasonable  number  of  miners  required.    He  stated 
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also  that  in  mine  timbering  and  In  otlier  precautions  for  safety  tlie  Visayan 
was  as  good  a  miner  as  could  be  desired.  Why  should  these  commendations 
apply  to  the  Visayan  alone?  It  Is  suggested  that  however  unsatisfactory 
native  labor  may  be  now,  a  mining  class  can  be  developed  under  proper  guid- 
ance and  within  a  reasonable  time.  There  seems  to  be  nothing  to  prevent  the 
importations  of  Japanese  miners,  as  the  mining  bureau  having  shown  to  the 
collector  of  customs  that  a  miner  is  a  skilled  laborer  the  collector  has  rendered 
a  decision  to  the  effect  that  miners,  other  than  Chinese,  may  be  Imported  under 
the  law.  It  is  believed  that  a  supply  of  mine  labor  can  be  developed  under 
comi)etent  American  or  European  foremen,  or  imported  under  the  law,  sufficient 
to  work  the  mines  of  the  Philippines. 

The  trausiK)rtation  problem  Is  being  rapidly  solved.  Vast  sums  of  money 
are  being  expended  annually  by  the  Insular  and  provincial  governments  in  tlie 
all-important  construction  of  bridges  and  roads;  trails  are  being  opened  up  and 
improved,  railroad  extension  has  already  begup,  and  more  is  promised,  with 
every  indication  of  success.  Conditions  so  discouraging  a  few  years  ago  are 
improving  so  rapidly  that  It  Is  not  thought  serious  difficulty  In  transportation 
will  much  longer  present  itself. 

Unsettled  conditions  due  to  brigandage  and  insurrection  are  no  longer  such 
ns  to  delay  the  development  of  mines  for  twenty-four  hours.  The  armed  and 
organized  insurrection  against  the  I'nited  States  has  been  effectually,  and  it  is 
believed  forever,  suppressed,  and  the  sporadic  ladronlsm  existing  among  wan- 
dering malcontents  and  caratmo  thieves,  far  from  preventing  ;the  development  of 
mines.  Is  not  of  sufficient  imiwrtance  to  prevent  prospectors  or  miners  from 
working  In  any  mining  district  in  the  Philippines. 

It  must  be  admitted  that  the  present  mining  legislation,  comprised  within  acts 
236  of  the  Congress  of  the  Ignited  States  and  624,  777,  859,  1128,  and  1134  of 
the  Philippine  Commission,  is  far  superior  to  the  complex  Spanish  law.  In  that 
(1)  It  leads  to  the  granting  of  absolute  title,  instead  of  a  mere  concession;  (2) 
its  processes  are  simple  and  its  language  concise,  and  (3)  it  encourages 'bona 
fide  mining  and  tends  to  establish  confidence  in  mines  located  and  worked  under 
the  restrictions  It  provides.  It  is  superior  to  the  United  States  mining  laws  in 
that  the  uncertainties,  litigation,  and  loss  resulting  from  the  so-called  "  apex 
system,'**  granting  extra-lateral  rights,  which  has  been  fought  by  the  ablest 
writers  upon  mining  law  in  the  United  States  for  twenty  years,  and  which 
obtains  In  the  Western  mining  States  only  as  a  result  of  purely  local  condi- 
tions, has  been  entirely  omitted  In  the  framing  of  mining  legislation  for  the 
Philippines,  and  all  mines  owned  and  worked  In  these  islands  under  the  present 
law  may  at  least  be  free  froni  the  feature  that  has  proved  most  expensive  and 
disastrous  In  litigation  connected  with  mines  In  the  United  Statea 

On  the  other  hand,  section  33  of  act  of  Congress  of  July  1  provides  "that; 
no  holder  shall  be  entitled  to  hold  in  his,  its,  or  their  own  name,  or  in  the  name 
of  any  other  person,  corporation,  or  association,  more  than  one-mineral  claim 
on  the  same  vein  or  lode."  This  most  unfortunate  section  will  naturally  operate 
against  the  development  of  any  but  the  richest  lodes,  and  in  the  Philippines, 
as*  In  mining  districts  the  world  over,  the  bonanzas  are  few  and  tlie  deposits 
of  low-grade  ores  relatively  large.  In  Lepanto  and  Benguet,  as  well  as  In  the 
Camarines,  Masbate,  and  Mindanao,  there  are  Important  deposits  that  should 
be  worked  upon  a  large  scale  and  which,  under  section  33,  can  never  be  worked 
at  all.  It  is  safe  to  say  that  under  section  33  neither  the  famous  Homestake 
nor  the  Alaska  Treadwell  mines  would  ever  have  been  developed,  and  yet  these 
are  among  the  greatest  gold  producers  known.  The  ore  of  the  Homestake  mines 
In  South  Dakota  averages  only  $4,  and  that  of  the  Alaska  Treadwell  only  $2 
to  the  ton,  yet  these  mines,  being  able  to  handle  Immense  bodies  of  ore,  axe 
among  the  best  paying  and  soundest  mines  In  the  world.  The  former  requires 
900  stamps,  yielding  a  monthly  output  of  $375,000  of  gold,  and  the  latter 
employs  540  stamps,  paying  $130,000  a  month. 

The  low-grade  ore  deposits  In  the  Philippines  are  so  extensive  and  valuable 
that  section  33  tends  to  operate  as  an  obstacle  to  the  development  of  the 
greater  part  of  our  metalliferous  resources.  The  chief  of  the  mining  bureau, 
the  secretary  of  the  Interior,  and  the  civil  governor  have  repeatedly  advocated 
and  urged  the  repeal  of  this  unfortunate  restriction  in  act  235,  and  the  senti- 
ment of  those  interested  in  mining  in  the  Philippines  Is  safely  unanimous  in 
favor  of  such  repeal.  It  is  sincerely  to  be  hoi)ed  that  favorable  action  by  Con- 
gress upon  this  important  matter  will  not  longer  be  delayed. 

The  development  of  the  natural  resources  of  the  Philippine  Islands  means 
the  development  of  the  Filipinos  themselves.    It  would  seem  to  the  best  interests 
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of  the  natiyee,  as  well  as  of  the  islands  at  large,  to  bring  every  natural  resource 
into  a  high  state  of  development  and  active  yield.  This  Implies  the  need  of 
capital,  and  without  sufficient  security  in  number  of  claims  for  development 
capital  will  interest  itself  in  more  promising  fields  than  are  presented  here. 
Without  development  the  greatest  danger  seems  to  be  that  the  resources  will 
remain  idle  rather  than  be  exploited,  and  this  at  the  real  expense  of  the  natives 
themselves. 

The  Hineral  Eesources. 

A  map  of  the  Philippines  has  been  prepared  In  this  bureau,  showing  the 
locations  of  the  known  and  reliably  reported  mineral  deposits  of  economic 
value.  The  map  itself  is  based  upon  the  latest  Army  Signal  Corps  map  of 
the  Philippines,  the  lines  being  omitted  and  the  geological  data  being  here 
introduced.  A  similar  map  upon  a  larger  scale,  equally  self-explanatory,  forms 
an  exhibit  of  this  bureau  at  the  St.  Louis  Exposition.  The  artistic  handwork 
upon  both  of  these  maps  is  the  work  of  Hugo  Navarro,  assisted  by  Justo 
Reynoso,  draftsmen  of  this  bureau.    To  them  Just  credit  is  due. 

From  Interviews  with  prospectors,  miners,  and  mining  engineers  who  have 
visited  the  mining  districts;  from  authorities  translated  and  studied;  from 
the  assay  returns  of  the  bureau  of  government  laboratories,  and  from  the  field 
work  of  this  bureau  the  following  general  and  popular  account  of  the  mineral 
resources  has  been  prepared.  A  more  complete  paper  is  held  for  data  now 
being  obtained. 

GOLD. 

This  metal  has  been  found  in  almost  every  island  of  importance  of  the 
group.  It  has  been  worked  by  natives  in  placers  and  in  stringers  from  time 
immemorial,  and  the  total  production  of  the  islands  must  have  been  consider- 
able indeed,  although  no  reliable  statistics  have  ever  been  kept.  The  manager 
of  one  of  the  local  banks  is  authority  for  the  statement  that  at  one  time  a 
great  deal  of  nugget  and  other  alluvial  gold  was  received  at  the  bank.  Mr. 
Richard  von  Drasche,  a  German  geologist  who  has  done  some  field  work  in  the 
islands,  and  has  published  important  papers  upon  Philippine  geology,  states 
that  at  the  time  of  his  visit  to  Mambulao  and  Paracale  (Camarines  Province) 
there  were  over  700  natives  working  the  placer  deposits  for  gold.  It  was  esti- 
mated by  a  Spanish  governor  of  Manila  of  the  seventeenth  century  that  the 
annual  output  of  gold  from  Camarines  Norte  was  about  $200,000.  This  seems 
well  within  possibility,  and  is  an  indication  of  what  was  yielded  to  native 
methods.  The  natives  in  no  part  of  the  Islands  have  been  able  to  dredge  or 
sluice,  nor  have  they  penetrated  more  than  50  or  100  feet  Into  the  rock  at  any 
place.  Abella  states  In  his  "  Llgera  Resefla  de  la  Mlnera  de  las  Islas  Flllpinas  " 
that  from  W,000  to  f^,000  worth  of  gold  was  taken  annually  from  the  streams 
in  the  mountains  of  Bulacan  near  Santa  Maria  de  Pandl.  This  statement  has 
not  appeared  elsewhere  to  the  knowledge  of  this  bureau,  and  It  is  not  known 
upon  what  Information  It  Is  based.  It  Is  believed,  however,  that  a  great  deal 
of  placer  gold  has  been  obtained  In  the  past  by  natives  of  Bulacan.  It  has  been 
estimated  by  Centeno  (1876)  that  the  placer  output  of  the  Mlsamis  and  Plgtao 
fields  in  northern  Mindanao  has  yielded  In  the  hands  of  the  natives  about  $27,000 
per  annum;  and  Mr.  William  Asbumer,  an  American  mining  engineer,  states 
that  he  was  Informed  that  $20,000  worth  of  gold  had  been  taken  by  natives 
from  the  placer  fields  of  Surlgao  In  northern  Mindanao  In  1882.  No  figures 
are  yet  available  from  Benguet  or  Lepanto,  but  a  prominent  mining  engineer 
recently  stated  that  during  his  visit  last  year  in  Benguet  two  American  miners 
obtained  20  pounds  of  gold  from  rich  stringers  In  seven  days.  It  Is  known 
that  some  of  these  stringers  worked  by  the  natives  have  been  enormously  rich. 
The  greater  number  of  the  richer  placers  readily  accessible  to  man  have  prob- 
ably been  pretty  thoroughly  worked  over  from  the  surface,  but  it  Is  known 
that  the  natives,  and  Spaniards  also  have  seldom  gone  to  bed  rock. 

From  the  Plgholugan  region,  in  northern  Mindanao,  Mr.  J.  Clayton  Nichols, 
an  American  mining  engineer,  states  that  he  was  Informed  that  $4,000  was 
taken  from  one  hole  and  $2,500  from  another. 

In  the  northern  part  of  Masbate,  near  Arroroy,  three  American  mining  com- 
panies have  recently  staked  out  and  recorded  a  large  number  of  placer  and 
lode  claims,  and  work  is  going  on  upon  these  at  the  present  time.  It  Is  under- 
stood that  an  American  consulting  engineer  who  has  recently  visited  and  re- 
ported upon  this  field  was  most  favorably  Impressed  with  the  outlook  for 
mining  the  alluvial  gold  in  that  region.    A  number  of  placer  claims  have  also 
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recently  been  staked  and  recorded  by  Americans  in  the  beadwaters  of  tbe  San 
Mateo  Riyer,  in  Rizal,  the  lowest  assay  return  from  many  samples  of  gravel 
from  wbicb  having  been  49  cents  and  the  highest  $11  to  the  cubic  yard. 

In  the  Pigtao  region  of  northern  Mindanao  Mr.  Nichols  estimates  the  vaJue 
of  the  gravels  to  be  from  16  to  25  cents  to  the  cubic  yard  in  such  quantity  as  to 
suggest  the  careful  study  of  that  field  with  respect  to  the  use  of  the  steam 
dredge. 

In  addition  to  the  districts  mentioned  above,  gold  has  been  worked  to  a 
greater  or  less  extent  by  the  natives  in  Fidelisan,  Bontoc  Province;  Suyiic. 
Dugon,  and  Tuboc,  Lepanto  Province;  Acupan,  Tabio,  Gapunga,  and  loogan, 
Benguet  Province;  Gapan  and  Pefiaranda,  Nueva  Bcija  Province;  the  islands 
of  Polillo  and  Catanduanes,  Labo,  Capalongan,  and  Maculabo,  in  tlie  Camarines; 
Atimonan,  in  Tayabas;  and  in  Cebu,  Panay,  Samar,  and  Panaon. 

The  gold  from  Benguet,  Lepanto,  Surigao,  and  Misamis  has  been  found 
largely  in  small  seams  or  stringers  in  quartz,  although  true  veins  have  been 
found  in  all  of  these  districts  save  the  last  The  most  promising  veins  from 
Mambulao  and  Paracale  are  r^)orted  to  be  contact  veins  between  gneiss  and 
diorite.  The  best-defined  veins  appear  to  be  entirely  in  the  older  crystalline 
rocks,  those  of  the  Camarines  and  Masbate  notably  so.  Assay  values  of  many 
veins  sampled  throughout  the  islands  by  prospectors  and  miners  vary  between 
a  few  cents  to  several  hundred  dollars  to  the  ton.  As  it  is  not  known  by  wliat 
method  the  samples  were  taken,  a  table  of  assay  -returns  is  not  presented  here. 
Suffice  it  to  state  that  from  present  knowledge  there  are  well-defined  veins  of 
sufficient  width  and  assay  value  so  far  sampled  in  Lepanto,  Benguet,  the  Cam- 
arines, and  Masbate  to  Justify  extensive  development  work,  and  that  such  work 
is  now  in  prospect  or  performance  upon  claims  in  these  districts. 

The  above  notes  apply  to  placer  or  free-milling  gold.  There  are  vast  de- 
posits of  low-grade,  free-milling,  and  partially  or  wholly  refractory  ores  in 
Lepanto  and  Benguet  that  have  not  yet  received  the  investigation  they  deserve. 
Miners  and  prospectors  have  devoted  their  energies  during  the  past  four  years 
entirely  to  the  most  promising  fields  so  far  found. 

It  is  believed,  from  present  information,  that  there  is  a  future  for  hydraulic 
and  dredger  alluvial  mining  in  the  Camarines,  in  Masbate,  and  in  Mindanao, 
and  for  vein  mining  in  Lepanto,  Benguet,  the  Camarines,  Masbate,  and  Min- 
danao. Later  and  more  detailed  information  must  necessarily  depend  upon 
development  work  now  in  progress,  and  it  is  hoped  that  future  work  will  extend 
rather  than  diminish  tbe  list  given  above. 

The  majority  of  Phil  limine  gold  ores  now  being  worked  are  crushing  and 
amalgamating  ores ;  a  few  must  be  smelted ;  and  cyanide  plants  will  pix)bab]y 
be  erected  for  many  of  the  works. 

Associated  with  the  gold  in  some  of  the  Camarines  ores  are  the  sulphides  of 
iron  and  copper  in  the  form  of  pyrites,  zinc  in  sphalerite,  and  crocoite,  the 
chromate  of  lead.  Gold  is  also  found  associated  with  the  sulphides,  arsenides, 
and  antimonides  of  copper  in  the  mines  of  the  Lepanto  district  of  Mancayan. 

COPPER, 

This  metal  has  been  reported  from  the  islands  of  Luzon,  Mindoro,  Masbate, 
Panay,  and  Mindanao,  but  the  only  important  deposits  so  far  known  are  those 
of  the  famous  district  of  Mancayan,  Lepanto  Province,  in  northern  Luzon. 
The  report  of  copper  in  the  island  of  Balabac,  the  Paragua  group,  could  not  be 
verified  by  the  mining  engineer  of  this  bureau  in  a  recent  visit  by  him  to  that 
island;  and  Abella  could  find  evidence  of  no  valuable  copper  deposits  among 
those  reported  from  Panay.  Samples  of  native  copper,  said  to  have  been 
brought  from  Masbate,  have  been  shown  to  the  present  chief  of  the  bureau,  but 
no  information  of  value  was  obtained  from  the  prospector  exhibiting  them.  The 
copper  deposits  so  far  known  in  Mindoro  are  all  of  copper  pyrites,  apparently 
of  limited  extent;  and  of  the  ores  reported  from  Mindanao  nothing  is  known. 
There  are  veins  of  chalcopyrite  in  the  Camarines  and  in  Bontoc,  but  they  have 
not  been  prospected  or  developed,  and  data  concerning  them  is  not  available 
at  the  present  time. 

The  important  deposits  of  Lepanto  are  at  Suyuc  and  Mancayan,  within  a 
few  miles  of  each  other,  in  the  southern  part  of  the  province.  These  veins 
carry  the  sulphides,  arsenides,  and  antimonides  of  copper,  among  them  enargite, 
and  its  variety  first  identified  here,  luzonite.  From  samples  obtained  in  the 
breasts  of  old  workings  at  Mancayan  it  has  been  estimated  that  the  ores  aver- 
age 16  per  cent  in  copper,  with  a  gangue  of  quartz.    There  is  much  of  tliis  ore 
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in  sight,  and  it  Is  believed  that  in  quantity  and  quality  of  copper  Mancayan  is 
one  of  tiie  most  inviting  of  the  mineral  assets  of  the  Philippines.  The  deposits 
have  been  pro^^ected,  staked,  and  recorded,  and  the  owners  of  claims  are 
sanguine  of  success. 

The  working  and  smelting  of  the  ores  of  Mancayan  were  carried  on  by  tlie 
Igorota  of  Lepanto  before  ^e  Spanish  conquest.  The  metallurgical  treatment 
was  fao  ingenious,  complicated,  and  effective  that  it  unquestionably  points  back 
to  an  older  contact  with  civilization,  probably  with  the  Chinese  from  the  north. 
The  mining  of  course  has  been  most  avaricious,  and  the  old  workings  will 
require  thorough  timbering  before  modem  methods  of  exploitation  can  be 
employed.  Of  the  many  interesting  features  of  the  Igorot  metallurgy,  and  of 
the  first  Spanish  invasion  of  Mancayan,  nothing  will  be  given  here  save  that 
the  natives  made  such  excellent  implements  and  utensils  of  copper,  exporting 
them  to  the  extent  of  200  tons  annually,  that  the  attention  of  the  Spanish  was 
attracted;  and  that  after  an  invasion  with  an  armed  force  as  an  escort, 
amicable  arrangements  were  finally  made  between  the  Cantabro- Filipino  Mining 
Company  and  the  Igorots  by  which  mines  were  opened  and  worked  under  the 
distinguished  Spanish  Inspector  of  mines,  Jos6  Maria  Santos,  and  that  from 
two  mines  for  the  ten  years  following  1864  about  1400  tons  of  copper  were 
annually  produced.  Upon  the  death  of  Santos,  who  made  a  success  of  the 
Mancayan,  mining  was  stopped. 

It  is  hoped  tliat  as  a  result  of  field  work  recently  completed  in  Lepanto  by  a 
party  from  this  bureau  under  Mr.  A.  J.  Everland,  geologist,  a  fairly  complete 
bulletin  upon  this  interesting  subject  may  soon  be  in  press. 

LEAD, 

But  little  is  known  of  lead  deposits  In  the  islands,  and  there  is  reason  to 
believe  that  their  distribution  Is  not  wide.  Crocoite,  the  chromate  of  lead, 
occurs  with  gold  ores  in  the  Camarlnes,  but  It  has  not  so  far  been  found  of 
economic  importance.  Galena,  the  sulphide  and  common  ore  of  lead,  has  been 
found  in  Bontoc,  the  Camarlnes,  Marlnduque,*  and  Cebu.  The  ore  from 
Torrljos,  Marinduque,  has  been  reported  to  give  the  following  average  assay : 

Per  cent. 

Lead 56.55 

Silver .0096 

Gold .0006 

But  no  detailed  account  of  the  deposit  is  at  hand.  The  galenas  from  Acsub- 
Ing  and  Panopoy  are  reported  by  Abella  as  lying  within  true  stockworks. 
Their  content  of  metal  as  given  by  assays  are,  according  to  Mr.  Abella: 

Per  cent. 

Lead 47.00 

SUver .031 

Goki .062 

These  assays  would  appear  to  have  been  of  specimens  rather  than  of  true 
samples  of  the  ores. 

SILVER. 

Silver  ores  have  not  yet  been  discovered  in  the  Philippines.  The  silver 
occurring  here  is  in  argentiferous  galena  or  alloyed  with  the  gold. 

PLATINUM. 

The  mining  bureau  Is  now  Investigating  an  occurrence  of  native  platinum  in 
the  gold-gravel  deposits  of  Rizal.  From  present  information  platinum  and 
associated  rare  metals  do  not  seem  to  be  of  sufficient  amount  In  these  sands  to 
be  of  economic  Importance ;  but  the  identification  of  platinum  in  the  Philippines, 
after  many  reports  of  its  occurrence  hitherto  unconfirmed,  may  lead  to  renewed 
search  in  similar  fields. 

ZINC. 

This  metal  has  so  far  been  found  only  as  sphalerite  In  unimportant  and  un- 
welcome amount  in  a  few  of  the  gold  veins  of  the  northern  Camarlnes. 
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TIH. 

Tin  has  not  yet  been  discovered  In  the  Philippines.  A  deposit  of  stream  tin 
was  reported  at  Alfonso  XIII,  on  the  west  coast  by  the  natives  of  the  east 
coast  of  Paragua,  but  opportunity  has  not  yet  been  offered  for  a  verification  of 
this  report  As  the  Moros  of  southern  Paragua  are  affiliated  with  their  Moham- 
medan brothers  of  Borneo  and  the  Straits,  and  as  the  natives  of  the  Straits 
are  familiar  with  casslterlte  and  stream  tin,  there  Is  a  bare  possibility  of 
likelihood  in  the  report 

MANGANESE. 

A  large  deposit  of  rich  manganese  ore  has  recently  been  found  upon  the 
Island  of  Masbate,  but  at  the  present  time  no  details  of  Its  occurrence  are  at 
hand. 

IRON. 

Important  deposits  of  magnetite  and  hematite  are  found  In  Abra  Province, 
In  San  Miguel,  and  Angat  Bulacan ;  In  Bosoboso,  Rlzal ;  and  In  the  Camarines. 
The  deposits  of  Bulacan  are  extensive  and  can  be  readily  worked.  Several  of 
the  ores  are  suitable  for  the  manufacture  of  bessemer  steel,  and  one  of  the 
Angat  ores  Is  notable  In  that  It  contains  cobalt  In  appreciable  amount 

The  natives  of  San  Miguel  and  Angat  have  worked  these  ores  In  small  char- 
coal furnaces  for  over  a  century,  and  have  established  a  good  reputation  and 
trade  for  the  plowshares  they  produce.  Following  are  some  analyses  by  the 
bureau  of  government  laboratories  of  samples  of  Bulacan  ores  recently  taken 
by  the  bureau  of  mining: 


No.  1, 
hematite. 

No.  4. 
magnetite. 

No.  6B, 
hematite. 

FeO 

Percent. 

1.9 

88.2 

.1 

.2 

6i5 

Percent. 

32.3 

48.7 

Trace. 

1.3 

15.3 

Trace. 

Trace. 

.1 

2.2 

.1 

.1 

Percent, 
2.6 

FetOj 

84.2 

CaO 

.3 

MgO 

.1 

AfiOi 

8.7 

FeSj..                       

Trace. 

COt -  - 

Trace. 

HfO 

.1 

2.2 

Trace. 

.8 

.3 

8iO» 

as 

p,0» 

Trace, 

TIO» 

Trace. 

TotaJ 

100.0 

100.1 

loao 

The  ores  of  Bulacan  will  undoubtedly  furnish  excellent  charcoal  pig  iron. 
Vast  quantities  of  limestone  for  flux  are  available  In  the  Immediate  vicinity 
of  the  ore  beds,  water  transportation  can  be  had  upon  the  Rio  Grande  de  Pam- 
panga  and  the  Angat  River,  and  a  branch  of  the  Manila  and  Dagupan  Railway 
through  San  Miguel  and  within  10  miles  of  the  mines  will  soon  be  built  and  in 
operation.  The  charcoal  can  be  had  of  sufficient  quality  and  amount,  but  not 
at  present  at  a  very  low  price. 

Further  information  concerning  the  Iron  ore  deposits  of  Bulacan  can  be 
found  in  bulletin  No.  3  of  this  bureau,  "A  Report  on  a  Geological  Reconnols- 
sance  of  the  Iron  Region  of  Angat,  Bulacan.'' 


MEBCUBY. 

This  valuable  metal  has  frequently  been  reported  from  various  localities 
In  the  Camarines  and  In  Panay,  but  In  almost  every  case  Its  occurrence  has 
been  disproved.  On  Mount  Isarog,  In  the  province  of  the  Camarines,  however, 
there  Is  every  reason  to  believe  that  cinnabar  and  native  mercury  liave  been 
found. 

ANTIMONY. 

Specimens  of  the  sulphide  of  antimony,  stlbnlte,  were  found  in  small  quan- 
tities in  a  nipa  house  on  the  south  slope  of  Mount  Maqulllng  In  Batangas,  by 
Capt  F.  V.  Krug,  of  the  Twentieth  Infantry,  during  the  Malvar  campaign. 
The  native  showing  this  to  Captain  Krug  told  him  that  he  could  lead  him  to 
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a  deposit  of  the  metal  in  the  vicinity.  This  is  the  only  information  now  at 
liand,  excepting  that  the  sample  brought  to  the  mining  bureau  was  a  group 
of  characteristic  crystals  of  pure  stibnite. 


The  most  important  of  the  mineral  resources  of  the  Philippines  is  probably 
the  best  grade  of  lignite  coal.  This  is  of  Tertiary  age  and  similar  in  all  most 
important  respects  to  that  of  Wyoming,  Washington,  and  Japan.  The  best 
coal  is  free  from  sulphur  and  relatively  low  in  moisture  and  ash.  It  is  known 
in  the  island  of  Batan,  Albay  Province;  in  Bulalacao,  and  Semarara,  southern 
Mindoro ;  in  Danao  and  Compostela,  Cebu ;  on  the  Gulf  or  Sibuguey ;  in  south- 
eastern Mindanao;  at  Calatrava,  Negros;  and  at  Bislig,  in  eastern  Mindanao. 
Some  of  the  coal  of  Abra,  Rizal,  and  eastern  Negros  is  also  believed  to  be 
suitable  for  use  in  steamships  and  in  stationary  furnaces  now  burning  Japanese 
and  Australian  coal.  A  division  must  be  made  between  the  jet  black,  com- 
paratively hard  coals,  probably  of  Eocene  age,  and  the  brown  wood  coals  much 
softer  and  more  friable,  of  later  age,  and  in  large  part  not  suitable  for  trans- 
portation. Both  coals  contain  pyrites  in  some  seams  or  portions  of  seams,  but 
the  black  coal  can,  in  most  cases,  be  mined  free  from  sulphur  in  this  objec- 
tionable form.  The  brown  coals  are  not  of  sufficient  value  compared  jwrith 
older  coals  to  justify  the  expense  of  working  at  the  present  time.  The  best 
black  coals  are  many  of  them  strong  enough  for  transportation,  can  be  mined 
at  reasonable  cost,  and  presumably  at  a  good  profit,  and  should  largely  take 
the  plac^  of  imix)rted  coals  iu  the  Philippines.  Their  fuel  value  is  from  two- 
thirds  to  three-fourths  that  of  the  best  Welsh  coal,  very  little  short  of  that  of 
the  Australian,  and  equal  to  that  of  many  of  the  Borneo  and  Japan  coals, 
which   they   strongly   resemble. 

The  thickness  of  the  seams  of  the  black  coal  varies  from  a  few  Inches  to  18 
feet  A  very  large  number  of  the  best  seams  are  from  3  to  5  feet  thick.  They 
lie  with  variable  dip  from  0**  to  nearly  90**,  and  in  some  fields  the  beds  are 
irregnlar,  twisted,  and  faulted.  Careful  and  thorough  prospecting  with  drills, 
such  as  is  being  carried  on  by  Lieutenant  Wigmore  in  Batan,  should  precede 
extensive  development  in  most  of  the  fields  of  the  Philippines.  Sufficient 
mining  has  already  been  done  in  the  Danao  and  Ck>mpostela  coal  fields  of 
Cebu  to  demonstrate  the  value  of  the  deposits  there. 

It  is  hoi)ed  that  a  large,  important,  and  profitable  Industry  awaits  the 
colliery  companies  of  the  Philippines. 

For  more  detailed  information,  including  maps  and  tables  of  analyses,  refer- 
ence is  suggested  to  the  Coal  Measures  of  the  Philippines,  prepared  by  the 
Hon.  C.  H.  Burritt,  late  chief  of  the  bureau,  and  published  in  Washington  for 
the  mining  bureau. 

For  convenience  the  following  table  of  localities,  where  coal  of  various 
grades  has  been  found,  is  appended  herewith : 


Vicinity  of- 

Province. 

1 

1                Vicinity  of- 

Province. 

Amtilong 

Cagayan. 

Abra. 

Union. 

Infanta. 

Bulacan. 

Rizal. 

Do. 

Do. 
Tayabas. 

Do. 

Do. 

Do. 

Do. 
Camarines. 

Do. 

'    Do. 

Do. 
Samar. 

Do. 

Do. 
Masbate. 
Mindoro. 

Bulalacao 

Mindoro. 

Dolores 

Semarara 

Do. 

Aringay 

P(^0 

Balete 

Capiz. 
Do. 

Beemanga .... 

Nonagaray 

Mont3ban 

Valderrama 

Do. 

Dingle 

HoUo. 

Tatamiran .....,-  -  r -  - .  - 

TaSme 

Negros. 

Tavtay 

Atimonan 

Calatrava 

Do. 

Luzon 

Do. 

Alabat 

Danao 

Cebu. 

Pagbilao 

Chfco 

Toledo 

Do. 

Balamban 

Do. 

Macaleton . . 

'  Asturias 

Do. 

iPasacao 

Compostela 

Do. 

Carftinuan  ... 

1  Naga 

Do. 

r4itATiff  i]ftnP8 

DInagat 

Mindanao. 

Batan 

Siargao 

Do. 

LIbon 

Saucop 

Do. 

Qatbo.             

Casauman 

Do. 

Loquilocon 

Mati 

Do. 

Gandara .   . , , .           -  

(Iran 

Do. 

Paranas 

Naftfian . 

Do. 

Bislig 

Do. 

Subaan 

Sibuguey 

Do. 
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A  large  and  continued  demand  for  coal  is  assured  in  Philippine  waters,  and 
it  would  seem  that  these  islands  are  geographically  situated  favorably  to  the 
furnishing  of  coal  to  meet  the  enormous  demand  of  HiAgkong  and  other  near- 
by porta 

SULPHUB. 

Sulphur  occurs  in  limted  amount  in  the  Island  of  Biliran,  province  of  Leyte, 
and  has  been  worked  there  on  a  small  scale  by  natives  for  many  year&  No 
deposits  of  value  and  importance  are  at  present  known. 

PETBOLEUM. 

Petroleum  has  been  found  in  Taj^bas  Province,  where  it  is  und«*8tood  some 
developm^it  is  now  going  on,  and  at  Toledo,  Asturias,  and  Alegrla,  on  the  west 
coast  of  Cebu.  A  well  was  operated  for  a  short  time  in  Toledo,  but  since  the 
war  work  has  not  been  resumed.  There  may  be  a  future  for  the  petroleum 
industry  in  the  Philippines,  and  although  but  little  is  known  of  the  value  and 
amount  of  this  important  fuel  at  the  present  time,  much  interest  of  late  lias 
been  shown  in  its  exploitation,  and  it  is  hoped  that  before  long  reports  of 
value  can  be  made. 

SALT. 

There  is  reason  to  believe  that  large  beds  of  rock  salt  occur,  without  out- 
crops discovered  as  yet,  in  the  mountains  of  northwest  Nueva  Vizcaya. 
Streams  gushing  out  from  the  hillside  at  Dapol  are  so  heavily  charged  with 
brine  that  the  natives  by  solar  evaporation  obtain  important  quantities  of  very 
pure  salt 

GYPSUM. 

The  sulphate  of  lime  in  the  form  of  crystalline  gypsum  and  gypsum  earth 
is  found  in  Rlzal,  Laguna,  and  other  provinces  of  the  islands.  Much  of  this 
might  be  calcined  for  the  production  of  "  land  plaster "  and  plaster  of  Paris, 
but  none  of  it  seems  to  so  be  used.  The  natives  work  the  beds  of  white  gypsum 
earths  for  use  in  whitewashing,  and  so  far  as  developed  this  business  pays 
very  well. 

LIMESTONE. 

Large  and  important  deposits  of  limestone  are  found  throughout  the  islanda 
In  many  provinces  the  rock  is  quarried  and  calcined,  producing  excellent  lime 
that  brings  a  very  good  price. 

A  cream-colored  limestone  of  Bulacan  seems  well  adapted  to  the  miih:ing  of 
hydraulic  cement,  and  a  deposit  of  similar  rock  has  already  been  located  and 
recorded  in  Rlzal  Province  with  the  Industry  in  view.  An  analysis  made  in 
the  laboratories  of  Stanford  University  shows  this  rock  to  be  a  natural 
cement.  This  important  and  profitable  use  of  Philippine  limestone  is  now 
occupying  the  attention  of  the  mining  bureau  and  the  bureau  of  government 
laboratories. 

Marble,  or  crystalline  limestone,  occurs  in  the  islands  of  Romblon  and 
Mindoro,  and  probably  elsewhere  in  the  group.  This  is  a  gray-blue  mottled 
marble,  and  much  of  it  seems  very  suitable  for  decorative  use.  White  crystal- 
line marble  has  recently  been  found  by  the  chief  of  this  bureau  in  Mindoro  in 
considerable  amount. 

CLAYS. 

White  clays,  or  kaolin,  have  been  found  in  the  provinces  of  Abra,  Camarines, 
Ilocos  Norte,  Antique,  Benguet,  Cagayan,  Isabela,  Laguna,  Marinduque,  Mas- 
bate,  Pampauga,  Pangasinan,  Albay,  Romblon,  and  Zambales.  The  suitability 
of  these  for  the  manufacture  of  porcelain  and  china  .Is  now  being  investigated. 

Red  clays,  from  which  natives  make  large  amounts  of  pottery  for  local  use, 
are  found  in  almost  every  province  in  the  Islands.  The  statistics  and  tech- 
nology of  this  important  industry  are  under  investigation  at  the  presoit  time. 

Fire  clay  has  been  found  in  the  coal  beds,  and  may  afford  a  profitable  industry 
in  the  future. 
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Red  bricks  are  made  in  large  quantities  in  Bulacan,  Capiz,  Rizal,  Ilocos 
Norte,  Isabela,  Marinduque,  Masbate,  and  Pampanga. 

BUILDINO  STONE. 

The  Philippine  resources  in  stone  for  building  and  other  construction  worlc 
and  road  material  are  almost  unlimited.  Among  the  hard,  crystalline  rocks, 
capable  of  standing  heavy  pressure,  of  resisting  weathering,  and  of  taking  a 
high  polish,  should  be  mentioned  the  fine  gray  diorites  of  the  Cordillera,  found 
in  almost  every  province  upon  the  western  slopes  of  the  range,  and  in  Paragua 
the  gray  tonalites,  or  quartz  diorites  of  Tinagan  and  Colasi,  Panay,  equal  to 
many  of  the  l)est  granites,  and  a  rock,  apparently  a  true  syenite,  or  hornblende 
granite,  recently  found  in  Masbate.  Augite  andesite  is  now  being  extensively 
quarried  by  the  Atlantic,  Gulf  and  Pacific  Company,  at  Mariveles,  for  the  works 
of  the  improvemeit  of  the  port,  and  a  volcanic  tuff,  soft  when  quarried  but 
hardening  rapidly  upon  exposure,  is  quarried  in  large  amount  and  at  good 
profit  at  Meycanyan,  Bnlacan,  and  Guadalupe,  Rizal,  and  elsewhere  for  build- 
ing stone.  This  rock  has  been  used  in  enormous  quantity  in  the  construction 
of  churches  and  other  buildings  in  the  Philippines  and  in  the  walls  and  fort- 
resses of  Manila.  Crushed  andesite  has  been  extensively  used  in  street  work 
in  Manila,  and  has  made  excellent  road  metal.  A  large  variety  of  the  neo- 
volcanic  rocks  have  been  used,  in  addition  to  gravel,  for  similar  purposes  by 
the  provincial  supervisors  in  the  construction  of  roads. 

GUANO. 

A  number  of  important  deposits  of  bat  guano  have  been  discovered  through- 
out the  islands,  largely  in  the  extensive  limestone  caves.  Some  of  these  have 
been  located  and  recorded,  but  it  is  not  known  to  what  extent  they  have  been 
worked.    It  is  probable  that  they  are  all  of  limited  amount 

PBECIOnS   STONES. 

With  the  exception  of  opal,  reported  from  Binangonan,  in  Rizal,  and  some 
very  small  rubies,  reported  in  the  headwaters  of  streams  flowing  into  the  ocean 
near  Mambulao  and  Paracale,  no  minerals  have  yet  been  identified  as  precious 
stones. 

CONCLUSION. 

From  the  above  brief  r^sum^  it  will  probably  be  gathered  that,  although 
some  of  the  common  metals  are  absent,  or  not  yet  discovered,  in  the  Phil- 
ippines, there  remain  sufficient  mineral  resources  to  form  the  basis  of  an  im- 
portant industry.  The  stage  at  present  is  that  of  investigation  and  develop- 
ment; it  is  hoped,  however,  that  we  shall  rapidly  approach  the  period  of 
production. 

Further  development  of  the  mineral  resources  of  these  islands  is  necessary 
to  the  growth  of  the  industries  involved.  Prospecting  has  been  done  upon 
almost  every  island  of  the  group,  to  the  great  credit  of  the  pioneers  who  have 
laboriously  blazed  the  trail;  but  capital  for  the  development  of  prospects 
has  been  difficult  to  secure.  It  is  hoi)ed  that  the  definite  policy  concerning 
the  future  of  these  islands,  so  earnestly  desired  by  capitalists  as  a  prerequisite 
to  permanent  investment  here,  may  soon  be  determined  by  the  people  of  the 
United  States  to  the  end  that  the  Philippine  Islands  may  enter  ujwn  an  undis- 
turbed and  prosperous  career. 

A  welcome  feature  of  the  present  interest  in  the  Philippine  mining  is  the  in- 
creasing attention  being  given  to  the  mineral  resources  by  the  natives  of  the 
islands.  Their  interests  are  those  of  all.  With  their  hearty  cooperation  It  Is 
hoped  that  the  labor  required  may  be  more  rapidly  secured,  that  they  will 
realize  the  common  benefit  of  all  mining  activity,  and  that  they  may  in  time 
point  with  pride  to  the  work  and  worth  of  Philippine  mines. 

H.  D.  McCasket, 
Chief  of  Mining  Bureau. 
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EiXHIBilT   B. 

Advance  Eeport,  Field  Work  in  Lepanto-Bontoe. 

The  Mining  Bxtbeau, 
ManUa,  August  8,  190i. 

Sib:  In  compliance  with  your  instructions  of  February  12,  1904,  and  of  Ftb- 
ruary  20,  1904,  I  have  the  honor  to  submit  the  following  advance  report  of  field 
work  under  my  charge  during  the  months  of  February,  March,  April,  May, 
and  June  of  the  present  year; 

The  field  work  assigned  was  the  examination  of  the  mineral  deposits  of  the 
province  of  I^panto,  these  deposits  being  two  more  or  less  closely  identified 
areas  in  the  southern  part  of  the  province.  The  two  districts  are  the  "  Manca- 
yan  "  copper  district,  taking  its  name  from  the  small  town  of  Mancayan  in  Its 
center,  and  that  of  "  Suyoc,"  which  similarly  taltes  its  name  from  the  barrio 
of  Suyoc.  The  region,  particularly  Mancayan,  has  been  fairly  well  Imown 
throughout  the  islands  by  mining  oi)eratious  carried  on  by  an  organized  com- 
pany dating  back  to  the  middle  of  the  last  century  and  controlled  by  Spanish 
interests,  and  to  an  unknown  remoter  date,  when  operations  were  carried  on 
by  the  native — the  Igorot. 

The  party  from  the  mining  bureau  was  organized  as  follows:  Mr.  A.  J.  Eve- 
land,  the  geologist  in  charge,  Mr.  H.  M.  Ickls,  field  assistant,  and  two  American 
rodmen. 

After  considerable  delay,  the  party  embarked  February  23  on  the  coast-guard 
steamer  Masbate  (Captain  Stewart),  and  three  days  later  the  landing  at 
Oandon  was  made.  Considerable  difficulty  attended  the  latter,  owing  to  the 
rough  sea,  and  the  native  Ilocanos  manning  the  native  viray  used,  having  nothing 
to  lose  by  a  wetting,  all  but  ended  the  trip  then  and  there. 

Bull  carts  were  obtained  to  take  the  equipment  and  party  to  the  town  of 
Candon,  which  Is  a  few  miles  from  the  beach,  and  owing  to  the  sagacity  of  the 
carabao  In  not  working  during  the  heat  of  the  day,  almost  the  entire  day  was 
consumed  in  getting  to  the  plaza.  Here  tents  were  pitched  and  preparations 
were  made  for  the  trip  over  the  trail  to  Mancayan. 

By  telegraph,  cargadores  from  Cervantes  had  been  requested,  and  a  delay  of 
four  days  ensued  before  they  put  In  an  appearance.  .  In  the  Interval  Instru- 
ments were  adjusted,  observations  made  on  Polaris  (a  IJrsae  Mln.)  for  true  azi- 
muth and  latitude,  and  the  bench  marks  of  the  coast  survey  looked  up  by 
means  of  a  map  furnished  by  the  Coast  and  Geodetic  Survey.  By  this  means  a 
number  of  the  trlangulation  stations  of  the  coast  survey  were  located,  and 
from  station  "  Long.  1901,  Candon  "  a  traverse  was  run  Into  camp,  the  camp 
station  being  used  for  the  Polaris  observations.  From  this  point  also  the  route 
survey  had  its  origin,  and  work  was  Immediately  commenced  upon  it,  so  that 
when  the  party  started  several  miles  had  been  run  in  advance,  serving  to  get 
the  Instruments  In  working  order  and  to  "  break  In  "  the  rodmen,  who  were 
Inexperienced. 

During  this  period  also  an  investigation  of  the  geologic  conditions  In  the 
Immediate  vicinity  of  Candon  was  made,  as  far  as  practicable,  the  occurrence 
of  tilted  shales,  with  a  northeasterly  dip  of  about  40°,  all  or  a  part  of  which 
may  later  prove  to  be  tuff  or  ash  beds,  being  observed,  particularly  in  the  low 
hills  about  2  miles  to  the  east  of  the  town. 

The  route  of  the  party  was  via  Salcedo  to  Concepcion,  the  first  night's  resting 
place.  The  rolling  country  before  reaching  Salcedo  was  so  thickly  vegetated 
and  the  trail  so  tortuous  that  it  was  seen  very  early  that  a  route  survey  was 
out  of  the  question  If  a  rapid  march  was  to  be  made  to  the  final  destination,  so 
that  survey  was  abandoned  for  the  time.  From  Salcedo  on  the  trail  follows 
closely  the  bed  of  the  Balldbid  River,  thirteen  crossings  of  the  winding  river 
being  necessary  before  reaching  Concepcion.  The  river  was  at  Its  lowest  and 
no  trouble  was  met  with  In  making  the  day's  march,  but  the  bed  showed 
unmistakably  that  great  variations  In  volume  of  the  river  occur  during  the 
year.  Some  four  months  later,  when  the  party  made  Its  way  out  via  this  same 
route,  the  difference  In  volume  was  seen  and  appreciated  and  great  delay 
ensued. 

This  section  of  the  country  is  the  gently  sloping  plain  extending  from  the  flat 
coastal  area  to  the  coast  range.  Rolling  in  nature,  heavily  wooded,  and  with 
numerous  large  streams  crossing  it  laterally,  it  resembles  greatly,  though  on  a 
reduced  scale,  the  southern  part  of  the  Piedmont  Plateau  of  the  eastern  United 
States  In  Maryland  and  Pennsylvania. 
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As  the  upper  waters  of  the  river  are  approached  the  topography  becomes 
slightly  more  rugged,  and  finally  the  base  of  the  western  slope  of  the  range,  here 
named  the  CJordillera  del  Teila.  is  reached.  The  trail  turns  to  the  north,  fol- 
lowing a  northern  branch  of  the  river,  and  passing  on  the  western  slope  of  a 
fertile  valley  to  CJoncepcion,  which  is  situated  on  the  western  slope  of  the  range. 
The  latter  was  estimated  to  be  about  3,000  feet  in  altitude  at  this  point,  the 
formation  being  clearly  seen,  even  from  the  coast,  to  be  tilted  blocks  of  sedi- 
mentary strata  dipping  sharply  to  the  southeast  about  40**  to  50"*.  From  the 
position  of  the  strata  which  the  Balidbid  River  cuts,  it  is  evident  that  after 
various  undulations  across  the  area  from  the  coast  eastward  the  strata  are 
sharply  tilted  up  on  the  CJordlllera  del  Telia,  the  jagged  crest  of  the  latter 
marking  a  line  of  rupture,  or  a  parallel  to  a  more  easterly  anticlinal  axis, 
erosion  leaving  the  westerly  side  only.  Huge  beds  of  conglomerate  material 
were  observed  west  of  CJoncepcion  and  the  crest  of  the  range  was  seen  to  be 
limestone,  the  latter  underlying  the  conglomerates  (whether  true  conglomerates 
or  volcanic  beds  not  determined)  and  shales  noticed  to  the  west 

Cargadores  were  changed  at  Concepcion,  and  after  a  night's  rest  the  ascent 
of  Teila  Pass  was  begun.  The  trail  is  an  old  Spanish  road,  zigzagging  pain- 
fully upward,  the  barometer  at  the  highest  point  reading  3,200  feet.  To  a 
height  of  perhaps  2.000  feet  rice  paddles  accompany  it,  a  tremendous  amount  of 
work  being  indicated  in  their  construction. 

From  Teila  Pass  could  be  seen  to  the  eastward  the  broad  valley  of  the  Abra 
River,  the  headwaters  of  the  latter  at  the  divide  between  Benguet  and  Lepanto 
provinces  easily  seen  in  the  clear  air.  On  the  western  side  the  scarp  is  abrupt 
and  the  trail  to  Aukaqui  steep  and  difficult.  On  the  east  the  slope  from  the  bed 
of  the  Abra  to  the  Cordillera  Central,  which  marks  the  western  edge  of  Bontoc, 
is  more  gentle.  The  clearness  of  the  air  and  the  almost  total  absence  of  timber 
in  the  valley  proper  made  every  feature  of  the  topography  of  an  area  roughly 
25  miles  wide  by  40  miles  in  length  stand  out  clearly,  a  good  view  of  fully 
1,000  square  miles  of  territory  being  visible. 

The  trail  down  Aukaqui,  steep  and  rocky,  coupled  with  a  blinding  glare,  the 
reflection  from  the  white  limestone,  was  disagreeable.  This  limestone  could  be 
seen  for  miles  to  the  south  marking  the  crest  of  the  range,  and  presumably 
occupied  the  same  position  to  the  north.  Tender  it  was  observed  a  much- 
shattered  and  possibly  altered  material,  whether  igneous  or  sedimentary  unde- 
terminable until  later  closer  examination,  and  then  succeeded,  shortly  before 
reaching  Ankaqul,  igneous  rock,  massive  and  in  good  condition. 

At  Aukaqui  another  annoying  delay  was  met,  the  cause  the  usual  lack  of 
cargadores,  or  more  particularly  the  lack,  on  their  part,  of  willingness  to  work, 
conditions  which  the  party  had  difficulty  in  learning  to  take  as  unavoidable. 
In  twenty-four  hours,  however,  part  of  the  men  were  secured,  and  as  much  of 
the  equipment  as  possible  was  started  for  Cervantes,  leaving  Mr.  Ickis  to  follow 
with  the  remainder.  The  party  was  provided  with  horses,  through  the  kindness 
of  Lieutenant  Eckman,  at  that  time  senior  Inspector  of  constabulary  at  Cer- 
vantes, and  In  a  short  day's  march  Cervantes  was  reached. 

Everything  possible  that  could  make  It  agreeable  for  the  mining-bureau  party 
was  done  by  the  officials  of  the  Government  at  Cervantes.  Their  courtesy  and 
kindness,  and  assistance  in  meeting  the  problems  involved  in  the  passage  of  the 
party,  mark  the  most  pleasant  features  of  the  trip. 

At  Cen^antes  the  cargadore  question  is  serious,  and  the  first  detachment  of 
the  party,  with  Mr.  Ickis  accompanying  it,  making  a  survey  en  route,  started 
within  thlrty-slx  hours.  It  was  not  until  three  days  later  that  the  last  load 
went  out  of  Cervantes.  On  March  10,  sixteen  days  after  the  departure  from 
Manila,  the  pueblo  of  Mancayan  was  reached,  and  we  were  at  the  field  of 
operations.  The  trip  had  been  one  of  spasmodic  jerks  and  jumps,  with  tedious 
delays  at  every  barrio  in  waiting  for  cargadores.  The  cargadores  worked  well 
under  load,  and  though  the  price  for  porterage  has  increased  200  per  cent  since 
the  advent  of  Americans  the  rates  are  not  excessive.  The  main  trouble  la  In 
securing  the  men,  and  this  Is  traceable  to  the  changed  conditions  since  Spanish 
rule. 

The  day  after  our  arrival  was  spent  in  pitching  camp,  the  first  location  prov- 
ing undesirable,  and  in  arranging  the  outfit  for  a  more  or  less  prolonged  resi- 
dence, as  it  was  intended  to  work  with  this  as  a  base  over  a  large  area.  The 
tents  were  pitched  on  a  small  flat  about  a  quarter  of  a  mile  south  of  the  town 
of  M.Mncayan.  within  50  yards  of  the  former  site  of  the  mine  manager's  build- 
ings when  the  Mancayan  mines  were  in  operation.  Immediately  to  the  west, 
about  500  feet  below  in  the  gorge  of  the  Mangambang  River,  were  the  open- 
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ings  of  the  various  tunnels  of  the  old  Mancayan  mines,  the  nnelter  sites  lying 
just  to  the  northwest  a  few  hundred  feet.  To  the  north  and  south  for  several 
miles  were  the  location  stakes  and  exploration  pits  of  the  American  locators. 
A  strip  of  land  about  2  miles  wide  and  6  miles  long  has  been  covered  by  over- 
lapping American  claims  and  over  the  area  were  numerous  pits  and  shafts. 

On  the  day  following  the  arrival  of  the  entire  equipment,  topographic  work 
was  l>egun.  A  suitable  site  for  a  base  line  was  selected,  near  the  main  trail,  at 
a  fairly  level  stretch,  just  north  of  Mancayan,  at  tlie  little  barrio  of  Crux. 
Stakes  were  set  at  an  interval  of  100  feet,  the  distances  determined  accurately 
with  steel  tape  and  stadia  measurements,  repeated  checkings  satisfying  the 
accuracy  required,  and  then  reduced  to  the  horizontal.  Triangulation  stations 
were  then  set  over  the  northern  part  of  the  area  by  Mr.  Ickis,  on  suitable 
points  for  tertiary  triangulation,  referred  to  the  bases  as  laid  out,  ttie  stakes 
being  marked  so  us  to  be  easily  visible  by  the  instrument  man.  Mr.  Good- 
man, field  assistant  of  the  mining  bureau,  joined  the  party  in  the  midst  of  this 
work,  and  after  its  completion,  reported  at  Manila.  The  triangulation  stations 
were  set  as  far  south  as  Tuboc,  midway  between  Mancayan  and  Suyoc.  and 
then  began  the  determination  of  the  angles  and  distances  of  the  triangles,  and 
their  computation  and  plotting. 

During  this  preliminary  work  by  Mr.  Ickis,  a  general  inspection  of  the  Add 
was  taken  by  the  geologist.  It  was  seen  at  once  that  a  large  area  was  Involved, 
and  it  would  he  difficult  to  make  a  detailed  survey  in  as  short  a  time  as  was  at 
the  disposal  of  the  party.  The  plan  of  work  decided  upon,  therefore,  was  to 
make  a  map  of  the  entire  region  upon  which  locations  had  been  made,  on  a 
scale  of  400  feet  to  the  inch,  of  considerable  accuracy.  In  connection  with  this 
topographical  work,  an  Investigation  of  the  geologic  conditions  over  the  area  of 
the  map  ivould  be  made  in  as  much  detail  as  practicable,  with  especial  reference 
to  the  mineral  deposits,  and  also  on  a  broader  scale  over  a  considerable  area, 
extending  from  the  slope  of  Mount  Data  on  the  east  to  the  Malaya  range  on 
the  west. 

The  topographical  work,  though  originally  planned  for  transit  control,  with 
filUng-ln  methods  by  prismatic  compass  and  aneroid  barometer,  was  found 
much  more  satisfactory  In  this  particular  type  of  country  when  done  entirely 
with  the  transit,  distances  and  elevations  being  determined  at  one  operation 
with  the  stadia.  The  method  of  operation  was  as  follows:  From  a  triangula- 
tion station  a  traverse  was  run  to  a  position  which  could  command  as  much 
as  possible  of  the  topography  In  the  vicinity,  and  with  this  point  as  a  station, 
series  of  bearings,  distances,  and  angles  were  taken  to  all  map  data,  1.  e., 
critical  points  of  slopes,  etc.,  claim  stakes,  shafts,  tunnels,  houses,  and  all 
other  material,  both  natural  and  objects  of  man's  handiwork,  which  were  of 
sufficient  value  to  place  on  the  map.  The  area  being  covered  from  this  point 
another  point  was  chosen  In  the  same  manner,  and  the  survey  continued. 
In  case  of  the  main  trail,  and  several  others,  notably  the  old  Spanish  road  to 
the  mines  and  the  "  BalUl "  trail,  and  several  more  Important  streams,  traverses 
were  run  directly  following  the  course  of  the  trail  or  stream,  topographic 
data  being  obtained  on  both  sides  in  connection.  In  this  manner  all  the  neces- 
sary toix)graphical  detail  was  obtained,  sketches  being  constantly  used  to 
supplement  the  field  work,  to  Insure  greater  accuracy  in  the  final  mapping. 

On  account  of  the  mass  of  data  necessary  for  the  somewhat  unusual  topog- 
raphy of  the  region.  It  was  found  that  the  platting  could  not  keep  pace  with 
the  field  work.  Any  approximation  to  fairly  exact  geological  work  calls  for  an 
accurate  topographical  map  as  a  basis  for  the  locating  of  geologic  conditions, 
and  with  the  limited  force  In  the  field,  It  was,  of  course,  Impossible  to  prepare 
enough  map  material  sufficiently  in  advance,  even  for  reconnolssance  work. 

The  geological  operations,  therefore,  were  reduced  to  (1)  a  reconnolssance  of 
a  general  area  of  some  miles  on  either  side  of  the  mineral  district  proper,  the 
facts  observed  being  located  by  bearings  and  altitudes  from  some  transit  or  tri- 
angulation station  of  the  survey  which  had  already  been  located;  (2)  a  general 
reconnolssance,  descriptive  In  scope  entirely,  of  as  large  an  area  as  could  be 
covered  while  en  route  from  Candon  to  Suyoc,  and  In  the  Mancayan-Suyoc 
field;  and  (3)  a  detailed  study  of  all  shafts,  tunnels,  and  other  openings  or 
exposures  which  had  a  direct  bearing  on  the  ore  deposits  of  the  district. 

These  three  lines  of  attack  were  supplemented  by  study  of  the  general  fea- 
tures of  the  country,  the  timber,  water,  nature  of  the  people,  transportation 
problems,  etc.,  which  had  a  bearing  on  the  development  of  the  mineral  de- 
posits. In  this  connection  all  the  miners  In  the  district  were  seen  and  their 
views  fully  noted.    In  this  general  study  over  a  large  area,  some  extremely  in- 
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t^^stlng  geologic  conditions  were  seen,  and,  when  correlated  with  other  obser- 
vations in  the  future,  considerable  light  will  be  thrown  on  the  geology  of  the 
islands,  upon  which  there  has  been  little  systematic  study. 

Of  the  different  varieties  and  classes  of  rocks  found  in  this  district,  samples 
were  gathered  for  purposes  of  both  chemical  and  microscopic  and  megascopic 
study;  and  similarly  samples  of  veins  and  ores  were  taken  where  conditions 
permitted  It  With  this  data,  used  in  connection  with  the  topographical  map 
prepared  by  Messrs.  Goodman  and  Jckis,  a  report  on  this  region,  covering  all 
important  phases  of  the  subject,  will  be  prepared  in  full. 

When  this  work  was  far  enough  advanced  so  that  all  the  territory  around 
Mancayan  had  been  mapped,  camp  was  shifted  to  Suyoc,  and  pitched  west  of 
the  town  on  the  ridge  marking  the  divide  between  the  valley  of  the  Abra  River 
and  the  headwaters  of  the  Pacat  Elver,  which  is  a  tributary  emptying  its 
waters  north  into  the  Maanse,  the  latter  joining  the  Abra  later.  From  this 
camp  the  remainder  of  the  Mancayan- Suyoc  district  was  completed,  and  it 
served  also  as  a  base  for  the  geological  work  immediately  near  Suyoc. 

Before  leaving,  the  party  established  two  permanent  bench  marks,  one  at  the 
northern  and  the  other  at  the  southern  end  of  the  district  surveyed  (on  rock  in 
situ  and  of  a  durable  nature),  each  bench  mark  being  placed  within  a  few  feet 
of  a  triangulation  station  of  the  groundwork,  and  the  position  of  each  was  care- 
fully checked. 

Whoi  a  general  survey  of  the  islands  Is  made,  reference  to  these  points  from 
some  primary  triangulation  survey  will  fix  accurately  the  relative  position  of 
the  Mancayan  area.  Observations  were  made  for  latitude  and  the  true  me- 
ridian by  solar  observation,  and  also  by  direct  observation  on  a  Ursae  Min. 
(Polaris),  and  at  several  triangulation  stations,  bearings  were  tak^i  to  natural 
monuments  with  the  same  object  of  treating  the  area  covered  by  the  party, 
with  reference  to  future  surveys. 

This  closed  the  instrum^ital  work  of  the  party  at  Mancayan-Suyoc,  and  June 
22,  after  working  for  six  weeks  in  almost  constant  rain,  the  party  started  to 
retrace  its  steps  via  Cervantes  and  Candon,  to  Manila.  A  route  survey,  cover- 
ing the  topographic  features  of  the  country  traversed,  was  made  from  Suyoc 
to  Candon,  under  conditions  which  made  accomplishment  of  the  work  most 
praiseworthy,  and  great  credit  is  due  Messrs.  Goodman  and  Ickis,  field  assist- 
ants, and  Mr.  Riendeau,  rodman,  for  this  work  In  particular,  and  the  manner 
in  which  work  was  carried  out  under  almost  Impossible  conditions,  in  general. 

Arriving  at  Candon,  the  party  found  that  on  account  of  the  condition  of  the 
surf,  it  was  impossible  to  get  off  to  the  coast-guard  steamer.  The  river  between 
Candon  and  San  Esteban  being  Impassable,  It  was  also  out  of  the  question  to 
reach  that  place,  where  a  landing  could  possibly  be  made.  Recourse  was  had 
to  bull  carts,  in  which  the  equipment  was  taken  south  to  San  Fernando,  and 
the  arrival  of  some  means  of  transportation  awaited.  During  this  interval, 
under  receipt  of  telegraphic  orders  from  Manila,  a  route  survey,  similar  to 
that  run  from  Suyoc  to  Candon,  was  made  from  San  Fernando  to  Bagnio. 
Upon  the  return  to  San  Fernando,  steamer  Harrishurg  was  taken  from  San 
Fernando  to  Dagupan,  and  the  railroad  to  Manila,  the  party  arriving  July  29. 

The  geologist  in  charge  left  the  party  at  Cervantes  and  made  his  way  out 
down  the  valley  of  the  Agno  River,  through  Benguet,  to  Bagnio.  As  far  as 
time  permitted,  the  ground  for  the  survey  of  Benguet  mining  district  was 
looked  over,  in  order  to  know  In  advance  the  character  of  work  required.  The 
properties  at  Antimoch,  which  were  convenient  to  reach  In  the  short  time 
allowed,  were  looked  at  hastily.  This  accomplished,  the  Benguet  road  was 
followed  to  Dagupan  and  from  thence  to  Manila  transportation  was  via  coast- 
guard steamer  Basilan,  railway  communication  being  broken.  February  24, 
the  date  of  arrival  in  Manila,  was  five  months  to  a  day  from  the  date  of  de- 
parture. This  represented  three  months  actually  in  the  field,  fully  two  months 
being  lost  on  the  way  to  and  from  the  area  to  be  surveyed,  and  even  in  making 
this  allowance.  It  must  be  remembered  that  three  months,  or  ninety  days,  was 
in  reality  much  more  than  the  actual  time  used  in  actual  work.  From  early 
in  May,  through  June,  and  even  in  April,  rain  fell  almost  every  afternoon, 
r^iderlng  Instrument  work  impossible,  and  virtually  cutting  off  every  working 
day  by  at  least  a  third. 

Throughout  the  trip  the  health  of  the  party  was,  as  a  rule,  good.  No  serious 
Illness  affected  any  member  of  the  party  until  at  Bagulo,  en  route  to  Manila, 
Mr.  Goodman  suffered  for  several  days  with  a  bad  attack  of  fever.  The  trip 
proved  pleasant  and  salubrious;  the  cold  air  of  the  mountains  although  un- 
pleasantly damp  proving  a  relief  to  the  heat  of  the  plains  region  about  Manila. 
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Although  many  obstacles  and  difficulties  arose  which  are  characteristic  of 
geological  work  In  the  Philippines,  ways  were  found  to  overcome  them,  and 
the  experience  gained  in  this  expedition  will  Indubitably  prove  valuable  in 
future  work. 
Respectfully  submitted. 

A.  J.  BVELAND, 

Economic  OeoioffUU 
The  Chief  of  the  Mining  Bureau, 


fFrom  Report  of  the  Philippine  Commission.  190R,  pt.  1,  p.  69.] 
MINING    LAWS. 

The  mineral  resources  of  the  islands  have  never  been  to  the  slightest  degree, 
so  far  as  we  are  aware,  exploited  or  worked  by  Filipinos  aside  from  the  insig- 
nificant gatherings  by  Igorots  of  small  handfuls  of  gold  and  small  amounts  of 
copi)er  in  the  mountains  of  Luzon.  The  people  have  no  knowledge  of  mining 
operations,  no  disposition  to  engage  in  explorations  for  the  discovery  of  minerals 
or  for  the  hazardous  business  of  developing  them;  nor  have  they  financial 
resources  to  enable  them  to  do  so.  There  are  undoubtedly  deposits  of  gold, 
copi)er,  and  of  coal  in  the  islands,  but  whether  they  are  in  such  quantities  and 
such  locations  that  they  can  be  profitably  develoi>ed  and  brought  into  utility 
has  not  yet  been  determined,  nor  will  it  be  determined  probably  in  the  lifetime 
of  living  men  unless  proi)er  opportunities  and  facilities  can  be  furnished  for 
investigation,  exploration,  experimentation,  and  development.  This  work  must 
be  done  primarily  by  Americans.  If  unsuccessful,  Americans  suffer  the  losses; 
if  successful,  they  will  make  the  profits,  but  they  will  thereby  furnish  remu- 
nerative employment  to  a  great  number  of  Filipinos  and  markets  for  large 
amounts  of  native  i>roducts.  The  development  of  the  mineral  resources  is  of 
vital  importance,  particularly  that  of  coal.  If  coal  can  be  developed  sufficient 
in  quantity  to  warrant  Its  working,  every  manufacturing  industry  in  the 
islands  will  receive  a  stimulus  and  all  navigation  and  transportation  l)y  steam 
will  be  immediately  facilitated  and  cheapened.  Should  it  be  shown  that  the 
industry  is  a  profitable  one,  there  Is  no  reason  why  enterprising  Filipinos 
should  not  themselves  engage  In  It.  But  they  would  be  hampered,  limited,  and 
prevented  from  any  successful  enterprise  by  the  stringent  limitations  imposed 
by  the  provisions  of  the  act  of  Congress  approved  July  1,  1902,  limiting  the 
number  of  mining  claims  that  may  be  owned  by  any  one  person  or  corpora- 
tion. Nor  is  any  definite  provision  made  for  the  granting  of  any  licenses  for 
exploration  and  mining  of  gold  or  other  precious  metals  in  navigable  and 
shoal  waters  between  low  and  mean  high  tide  on  shores,  bays,  and  inlets  of 
the  islands.  On  the  island  of  Masbate  i)artlcularly  considerable  deposits  of 
gold  have  been  found  In  the  shoal  waters,  and  several  hundred  thousand  dol- 
lars have  already  been  expended  in  the  Introduction  of  machinery  for  dredg- 
ing the  streams,  but  apparently  without  adequate  provision  of  law.  It  Is 
believed  that  the  act  of  Congress  referred  to  should  make  specific  provision 
on  this  subject,  so  that  licenses,  under  proper  restrictions,  may  be  granted  for 
the  carrying  on  of  what  is  being  already  done  for  the  benefit  of  the  islands 
without  any  definite  authority  of  law. 

{Page  75.) 

MINING. 

Gold  is  found  in  considerable  quantities  In  many  of  the  islands  of  the  archi- 
pelago, but  so  far  as  discovered  the  gold-bearing  ore  bodies  are  of  low  grade. 
This  Is  notably  true  as  to  the  gold  fields  of  northern  Luzon,  where  large  bodies 
of  very  low-grade  ore  have  been  found.  A  very  considerable  amount  of  pros- 
pecting work  has  been  done  by  the  locators  of  these  claims,  enough  to  show 
their  undoubted  value  provided  sufficient  capital  can  be  obtained  to  develop 
and  work  them,  for,  as  is  well  known,  what  is  termed  by  miners  "  a  low-grade 
proposition  "  requires  large  and  expensive  reduction  works. 

•  •***«« 

Aside  from  this,  it  seems  to  us  a  mistaken  policy  to  assume  that  the  develop- 
ment of  the  mineral  resources  of  the  islands  upon  a  large  scale  would  work  an 
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injury  to  the  Filipino  people.  On  the  contrary,  in  our  opinion  it  would  be  of 
immense  advantage  to  them.  In  proportion  to  the  population  there  is  little 
accumulated  wealth  In  the  Philippines.  The  few  men  who  have  money  are 
able  to  lend  It  at  an  exorbitant  rate  of  interest,  which  they  find  sufficiently 
profitable ;  and,  moreover,  they  have  no  experience  nor  skill  which  would  war- 
rant them  In  embarking  In  mining  ventures,  which  are  always  more  or  less 
precarious.  The  mass  of  the  people  are  poor,  and  even  the  landholders  find  it 
difiEicnlt  to  cultivate  their  fields  for  lack  of  capital,  and  are  to-day  clamoring 
for  the  establishment  of  an  agricultural  bank  to  relieve  their  distress.  It  must 
be  obvious,  therefore,  that  It  is  idle  to  hope  for  any  exploitation  of  the  mineral 
resources  of  the  islands  by  the  Filipinos  themselves.  Potential  riches,  which 
the  people  have  neither  the  inclination,  skill,  nor  means  to  acquire,  amount  to 
nothing.  It  will  therefore  be  no  loss  to  the  people  of  the  Philippine  Islands 
even  if  foreigners  exclusively  uncover  the  burled  riches  of  the  country.  On 
the  contrary.  It  will  be  a  distinct  gain.  The  increased  opportunities  for  labor 
in  all  Its  forms,  for  the  products  of  their  fields,  the  building  of  railroads  to 
reach  remote  mineral  fields,  the  great  amount  of  money  expended  In  the  Islands 
in  reproduction  would  all  Inure  to  the  benefit  of  the  people  themselves  as  much 
as  to  the  mine  owner.  Finally,  It  may  be  said  that  when  It  Is  shown  that 
mining  Is  profitable  there  is  no  reason  to  suppose  that  the  Filipinos  will  not 
enter  into  tlilB  field  along  with  Americans  and  others. 


[From  Report  of  the  Philippine  Commission,  1905,  pt.  2,  p.  201.] 
BEPOBT  OF  CHIEF  OF  HININa  BTTEEATT. 


During  the  past  year  Messrs.  Eveland  and  Smith,  geologists,  and  Messrs. 
Croodman  and  Ickis,  field  assistants,  have  accomplished  much  and  valuable 
work  along  the  lines  given  above,  including  preparation  of  reports  upon  field 
work  in  Rlzal,  Pangaslnan,  liepanto,  Benguet,  and  Masbate  by  Mr.  Eveland; 
upon  field  work  In  Bataan,  Albay,  and  Batangas  by  Mr.  Smith ;  upon  field  work 
in  Bulacan  by  Mr.  Goodman,  and  upon  field  work  In  Rlzal,  Laguna,  Bulacan, 
and  Batan  by  Mr.  Ickls,  together  with  reports  upon  minor  subjects  assigned, 
and  with  investigations,  reference,  and  research  connected  therewith. 

*  •  '  *  *  *  *  « 

The  classification  above  mentioned  is  fully  given  In  the  following  special  cir- 
cular No.  1,  dated  March  10,  1905,  which  was  published  for  general  use  in  the 
Official  Gazette  of  April  26,  1905 : 

To  the  geologists  and  field  assistants,  mining  bureau : 

The  following  system  for  megascopic  and  field  classification  of  the  igneous 
rocks;  as  proposed  by  the  eminent  petrographers,  Messrs.  Cross,  Iddings,  Plrs- 
son,  and  Washington,  added  to,  with  respect  to  the  use  of  the  word  "  dolerlte," 
by  Messrs.  Chamberlain  and  Salisbury,  of  the  University  of  Chicago,  and  modi- 
fied for  further  simplicity  by  the  chief  of  this  bureau  by  the  omission  of  all 
synonyms  terminating  In  **  -phyre,"  with  the  exception  of  the  two  retained  words 
"  melaphyre  "  and  "  leucophyre,"  Is  hereby  provisionally  adopted  for  official  use 
in  the  work  of  the  mining  bureau.  The  letters  "  f.  n.,"  signifying  field  name, 
will  be  Invariably  written  after  each  word  of  this  classification  used,  unless  a 
statement  appears  otherwise  In  a  bulletin  or  report  reproducing  the  outline 
herewith  adopted  or  to  the  effect  that  the  system  Is  used  as  authorized  and 
directed  herein. 

Every  effort  will  be  made  to  explain  and  popularize  this  classification,  to  the 
end  tliat  miners  and  others  interested  in  the  bureau  work  may  use  terms  In 
harmony  therewitlL 

DIVISIONS  OF  IGNEOUS  BOCKS. 

A.  Phanerites  are  rocks  whose  mineral  components  can  be  seen  with  the  un- 
aided eye. 

B.  Aphanltes  are  rocks  whose  mineral  components  can  partly  be  seen  with 
the  unaided  eye,  the  remaining  lltholdal  material  being  not  resolvable  Into  its 
component  parta 

C.  Glasses  are  rocks  with  vitreous  luster  In  the  whole  or  a  part  of  the  mass. 
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DITI8ION  A PHAlfBEITBS. 

1.  Granites  (f.  n.)  are  granular  igneous  rocks  witb  dominant  quarts  and 
feldspar  of  any  kind,  with  mica,  hornblende,  or  other  minerals  in  subordinate 
amount 

2.  Syenites  (f.  n.)  are  granular  igneous  rocks  with  dominant  feldspars  of  any 
kind,  with  hornblende,  pyroxene,  mica,  or  other  minerals,  but  with  little  or  no 
quartz. 

3.  Diorites  (f.  n.)  are  granular  igneous  rocks  with  dominant  hornblende  and 
subordinate  feldspar  of  any  kind,  with  or  without  other  minerals. 

4.  Gabbros  (f.  n.)  are  granular  igneous  rocks  with  dominant  pyroxene  and 
subordinate  feldspar  of  any  kind,  with  or  without  other  minerals. 

5.  Dolerites  (f.  n.)  are  granular  igneous  rocks  with  any  dominant  ferromag- 
nesian  mineral,  not  megascopically  determined,  and  subordinate  feldspar  of 
any  kind,  with  or  without  other  minerals. 

6.  Peridotites  (f.  n.)  are  granular  igneous  rocks  composed  of  olivine  and 
ferromagnesian  minerals,  with  little  or  no  feldspar  or  other  minerals. 

7.  Pyroxenltes  (f.  n.)  are  granular  igneous  rocks  composed  of  pyroxene,  with 
little  or  no  feldspar  or  other  minerals. 

8.  Hornblendites  (f.  n.)  are  granular  igneous  rocks  composed  of  homblaide, 
with  little  or  no  feldspar  or  other  minerals. 

DIVISION  U9 APHANITKS. 

(a)  Nonporphyritic.    These  are  divided  into— 

1.  Felsltes  (f.  n.)  or  aphanltlc  igneous  rocks,  nonporpliyrltlc  and  light  colored, 
without  vitreous  luster. 

2.  Basalts  (f.  n.)  or  aphanltlc  igneous  rocks,  nonporphyritic  and  dark  colored. 

(b)  Porphyritic.  These  porphyries  are  divided,  depending  upon  the  dominant 
phenocryst,  into — 

1.  Quartz-porphyry  (f.  n.),  composed  of  quartz  phenocrysts  and  aphanltlc 
matrix. 

2.  Feldspar-porphyry  (f.  n.),  composed  of  feldspar  phenocrysts  and  aphanltlc 
matrix. 

3.  Hornblende-porphyry  (f.  n.),  composed  of  hornblende  phenocrysts  and  apha- 
nltlc matrix. 

4.  Mica-porphyry  (f.  n.),  composed  of  mica  phenocrysts  and  aptianltlc  matrix. 

5.  Augite-porphyry  (f.  n.),  composed  of  auglte  phenocrysts  and  aplianltic 
matrix. 

6.  Oil  vine-porphyry  (f.  n.),  composed  of  olivine  phenocrysts  and  aplianitic 
matrix. 

They  are  also  divided,  according  to  color.  Into  leucophjrres  (f.n.),  wbidli  In- 
clude all  light-colored  porphyritic,  aphanltlc,  Igneous  rocks,  and  melaphyres 
(f.n.),  which  include  all  dark-colored  porphyritic,  aphanltlc,  igneous  rocka 
Depending  upon  the  phenocrysts,  again  we  hiave — 

1.  Quartz-leucophyre  (f.  n.),  or  light-colored  quartz-porphyry. 

2.  Homblende-leucophyre  (f.  n.),  or  light-colored  feldspar-porphyry. 

3.  Hornblende-leucophyre  (f.  n.),  or  light-colored  hornblende-porphyry, 

4.  Quartz-melaphyre  (f.  n.),  or  dark-colored  quartz-porphyry. 

5.  Feldspar-melaphyre  (f.  n.),  or  dark-colored  feldspar-porphyry. 

6.  Hornblende-melaphyre  (f.  n.),  or  dark-colored  hornblende-porphyry,  and 
so  on,  the  second  word  indicating  the  color  and  the  first  the  phrenocryst  of  the 
porphyry  described. 

DIVISION  C — GLAS8B8. 

1.  Obsidian  (f.  n.)  is  vitreous  rock  of  any  color,  usually  black,  often  red,  less 
often  brown  or  green.    When  porphyritic  this  becomes  porphyritic  obsidian 

,  (f.  n.). 

2.  Pitchstone  (f.  n.)  Is  a  rock  resinous  in  appearance,  less  lustrous  than 
obsidian,  and  lighter  colored.  When  porphyritic  this  becomes  porphyritic  pitch- 
stone  (f.  n.). 

3.  Perllte  (f.  n.)  Is  a  glassy  rock  with  perlltlc  texture  produced  by  small 
spherlodal  fractures.    When  porphyritic  this  becomes  porphyritic  perllte  (f.n.). 

4.  Pumice  (f.  n.)  Is  a  highly  vesicular  glass,  white  or  very  light  colored. 
When  porphyritic  this  becomes  porphyritic  pumice. 
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BBFBBBNCKS. 

Reference  is  suggested  in  connection  with  the  above  to  the  following : 

1.  Quantitative  Classification  of  Igneous  Rocks,  by  Whitman  Cross,  Joseph  P. 
Iddings,  Louis  V.  Plrsson,  Henry  S.  Washington, 

2.  Geology,  Volume  I.  Geologic  Processes  and  their  Results,  by  Thomas  C. 
Chamberlain  and  Rollin  D.  Salisbury. 

FIELD   WOBK. 

During  the  fiscal  year  field  worlc  was  performed  In  connection  with  investi- 
gation of  mineral  resources  and  the  securing  of  data  for  general  information 
and  for  reports  and  published  bulletins  by  members  of  the  bureau  as  follows: 

1.  Completion  of  Lepanto  work,  Messrs.  Eveland,  Goodman,  and  Ickis,  and 
Mr.  Riendeau  (temporary  employee),  July  1  to  August  3,  1904. 

2.  Exploratory  work  in  Calamianes  Islands,  Mr.  McCaskey,  September  13  to 
21,  1904. 

3.  Field  work  and  collecting  in  Bulacan,  Mr.  Ickis,  October  25  to  29,  1904. 

4.  Preliminary  work  in  Masbate,  Mr.  Eveland,  October  26  to  November  4, 1904. 

5.  Field  work,  Laguna  and  Rizal,  Messrs.  Eveland  and  Ickis,  November  6  to 

13,  1904. 

6.  Exploratory  work  in  Mlndoro  and  adjacent  Islands,  Mr.  McCaskey,  Novem- 
ber 6  to  13,  1904. 

7.  Field  work,  Lepanto  and  Benguet,  Mr.  Eveland,  January  16  to  February 

14,  1905. 

8.  Field  work,  Mariveles,  Bataan,  Messrs.  McCaskey  and  Ickis,  January  26 
and  27,  1905. 

9.  Field  work,  Laguna,  Messrs.  McCaskey  and  Ickis,  February  2  to  19,  1905. 

10.  Exploratory  work,  Romblon,  Sibuyan,  Mindanao,  Camiguln,  Slquijor, 
Negros,  and  Masbate,  Mr.  McCaskey,  March  18  to  31,  1905. 

11.  Field  work,  Pangaslnan  and  Benguet,  Mr.  Eveland  and  Mr.  Weber  (tem- 
porary employee),  March  11  to  June  30,  1905. 

12.  Field  work,  Bataan  Island  and  adjacent  territory  in  provhice  of  Albay, 
Mr.  Smith,  March  18  to  May  15,  1905. 

The  above  field  work,  performed  at  a  cost  to  the  bureau  of  K,513.40  for  all 
field  expenses,  includes  investigations  of  the  geology  and  gold  and  copper 
deposits  of  Mancayan  and  Suyoc,  in  Lapanto,  of  the  Antimok  and  Bued  River 
districts  of  Benguet,  and  of  Salasa,  Pangaslnan ;  of  the  gold  deposits  of  Masbate, 
and  of  building  stone  at  Talim  Island,  Laguna  de  Bay,  Mr.  Eveland;  of  the 
geology,  coal,  limestone,  and  volcanic  areas  of  the  island  of  Bataan  and  vicinity, 
by  Mr.  Smith ;  of  the  building  stones  and  clays  of  Rizal  and  Laguna ;  the  iron 
deposits  of  Angat,  Bulacan,  and  the  building  stones  of  Mariveles,  Bataan,  by 
Mr.  Ickis,  and  of  the  general  geology  and  mineral  resources  of  a  number  of 
points  upon  various  islands  visited  by  the  chief  of  this  bureau  during  the  year. 

Since  the  completion  of  the  fiscal  year  1905,  and  previous  to  the  writing  of 
this  report,  the  chief  of  this  bureau  haa  visited  the  islands  of  Banton,  Romblon, 
Tablas,  and  Semerara ;  Mr.  Goodman  was  in  the  field  in  the  Angat  iron  region 
of  Bulacan  from  AugHSt  8  to  13,  and  Mr.  Smith  investigated  the  copper  deposits 
of  the  Loboo  Mountains  in  Batangas  Province  between  August  25  and  September  6. 

Futare  field  work  planned  Includes  the  completion  of  the  Investigations  of 
the  ore  deposits  of  Benguet,  Masbate,  and  Camarines  provinces  by  Mr.  Eveland ; 
the  completion  of  the  study  of  the  coal  deposits  of  Bataan,  Albay,  and  Polillo, 
and  the  beginning  of  an  extensive  investigation  of  the  coal  and  oil  areas  of 
Cebu  by  Mr.  Smith;  the  investigation  of  sulphur  deposits  and  areas  for  the 
profitable  working  of  placer  gold  by  Mr.  Goodman,  and  the  continuation  of  his 
studies  in  limestone,  building  stones,  and  clays  by  Mr.  Ickis,  together  with 
investigations  of  conditions  and  of  the  mineral  resources  of  Benguet,  Masbate, 
the  Camarines,  and  elsewhere  by  the  chief  of  this  bureau. 

In  addition  to  the  above  it  is  planned  that  Mr.  Smith  begin  a  general  Investi- 
gation of  the  iron  deposits  of  the  islands,  make  especial  visits  to  promising  coal 
fields,  and  collect  fossils  for  age  determinations  of  Philippine  rocks;  that  Mr. 
Goodman  secure  general  information  in  the  field  concerning  the  mineral  re- 
sources and  statistics,  and  that  all  members  of  the  bureau  perform  field  work 
of  a  minor  nature  as  occasion  may  d^nand. 

The  Importance  of  available  deposits  of  workable  steaming  coal  Is  becoming 
constantly  more  marked,  particularly  in  view  of  the  prospective  railway  exten- 
sion in  these  islands,  and  since  the  recent  highly  successful  experiments  of  the 
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bureau  of  government  laboratories  have  demonstrated  that  satisfactory  paper 
can  be  made  from  Philippine  fibers,  the  Importance  of  a  reliable  local  supply  of 
sulphur  is  also  great. 

The  field  work  performed  by  members  of  this  bureau  has  been  highly  satis- 
factory in  its  execution,  and  fruitful,  it  is  believed,  in  Important  results. 

Bulletins  with  maps,  sketches,  photographs,  and  analyses  upon  the  ore  de- 
posits of  Lepanto  and  of  Benguet,  and  a  petrographic  paper  upon  the  rocks  of 
these  regions,  by  Mr.  Eveland;  upon  the  coal  measures  of  Batan  Island,  and 
petrographic  and  paleontologic  papers  therewith,  by  Mr.  Smith,  and  upon  the 
clays  of  central  I^uz6n,  by  Mr.  Ickis,  are  now  in  preparation  for  the  press,  and 
material  for  a  bulletin,  with  maps  and  photographs,  upon  the  mineral  resources 
of  the  islands,  is  being  gathered  for  publication  at  the  earliest  practicable  time. 

Special  credit  is  due  to  Messrs.  Eveland,  Smith,  Goodman,  and  Ickis  for  their 
loyal,  active,  and  intelligent  cooperation  and  for  the  excellent  character  of  their 
work.  They  have  demonstrated  their  value  to  the  bureau,  have  already  broad- 
ened our  knowledge  of  known  mineral  resources,  have  freely  offered  and  ren- 
dered assistance  in  the  field  to  those  interested  in  the  mineral  industry,  and 
have  gathered  and  worked  up  new  and  valuable  material  above-mentioned  and 
now  in  course  of  preparation  for  published  form  and  general  use. 

In  concluding  this  portion  of  my  reix)rt  I  respectfully  invite  your  attention 
to  Exhibits  B  and  C,  narrative  reports,  respectively,  of  field  work  performed  in 
compliance  with  my  instructions,  in  Benguet  and  Pangasinftn  by  Mr.  Eveland, 
and  in  Batan  by  Mr.  Smith ;  and  to  Exhibits  D  and  E,  special  reports  made  by 
my  direction,  as  results  of  investigations  of  the  Bulacftn  iron  industry,  together 
with  conditions  of  market,  labor,  and  transportation,  and  a  design  of  suggested 
improved  blast  furnace  for  Angat  ores  by  Mr.  Goodman,  and  of  the  possibilities 
for  building  stone  in  the  region  of  Laguna  de  Bay  by  Mr.  Ickis,  respectively, 
the  four  reports  constituting  portions  of  the  work  of  the  staff  of  this  bureau 
during  the  past  year. 

SURVEYS  AND   MAPS  OF  THE  PHILIPPINES. 

The  maps  of  the  Philippines  available  at  the  present  time  are  entirely  inade- 
quate to  present  and  future  needs.  This  Is  illustrated  by  the  great  lack  of 
available  topographic  data  for  railway,  waterway,  highroad,  and  other  surveys, 
not  to  mention  requirements  of  topographic  base  maps  for  mineral,  forestry, 
agricultural,  and  other  Industrial  surveys  of  importance,  and  for  geographic, 
geologic,  ethnographic,  and  other  scientific  surveys  of  direct  practical  applica- 
tion and  use.  At  the  present  time  special  topographic  surveys  must  be  made  for 
each  project  carried  out,  upon  scales  suited  to  the  special  work  involved,  and 
therefore  not  necessarily  In  harmony  with  other  scales  used.  This  work  is  not 
by  any  means  a  total  loss  and  is  at  present  actually  required,  but  it  is  not  be- 
lieved to  be  in  accordance  with  highest  cartographic  or  economic  demands  for 
reasons  herein  outlined.  A  more  serious  state  of  affairs  is  found  in  the  fact 
that  no  primary  triangulatlon  of  the  Islands  Is  known  to  have  been  made  from 
which  a  skeleton  frame  may  be  constructed  upon  which  secondary  or  tertiary 
triangulatlon  maps  and  accompanying  topographic  data  may  be  fitted  as  fast  as 
secured.  The  result  is  that  minor  triangulatlons  with  topographic  maps  of 
limited  areas  now  being  made  from  field  surveys  absolutely  required  for  present 
needs  will  not  necessarily  fit  together  without  adjustment  that  may  be  costly  in 
the  end. 

The  great  need  at  the  present  time  is  therefore  a  primary  geodetic  triangula- 
tlon of  the  Islands.  This  must  be  made,  sooner  or  later,  as  a  fixed  basis  for 
all  future  Philippine  survey  work  of  whatever  kind.  Following  upon  this, 
which  could  be  made  under  the  direction  of  the  bureau  of  coast  and  geodetic 
survey  as  a  logical  and  proper  extension  inland  of  its  present  excellent  astro- 
nomic work,  and  at  probably  no  very  great  additional  cost,  should  be  a  secondary 
triangulatlon,  similar  In  principle  and  execution,  subdividing  the  skeleton  frame 
into  fixed  areas  of  limited  extent  which  could  then  be  covered  by  a  bureau  of 
topographic  surveys,  composed  In  part  of,  and  operating  with,  the  insular 
bureaus  involved.  Great  economy  over  present  necessary  conditions  would,  it 
Is  believed,  thus  inevitably  result.  These  topographic  surveys  systematically 
executed  over  areas  to  be  successively  covered  In  proportion  to  their  importance 
would  then  be  portions  of  a  well-regulated  system  giving  proper  and  adequate 
control  over  all  areas  required.  The  public  land  surveys,  including  surveys  of 
mining  claims,  are  in  actual  need  of  triangulated  base  maps,  and  without  them 
serious  trouble  in  connection  with  boundaries  seems  in  store  for  future  settle- 
ment.   Surveys  are  now  being  made  to  satisfy  actual  present  needs  by  the  mill- 
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tary  and  civil  governments  over  various  limited  areas,  for  various  purposes,  all 
of  them  practical,  and  upon  various  scales.  Tliese  surveys  would  be  of  greater 
final  value,  it  Is  believed,  were  tliey  executed  upon  the  systematic  plan  sug- 
gested above. 

In  connection  with  the  sci«itific  survey  of  the  Philippines  by  the  Federal 
Government,  and  the  plans  of  the  committee  as  published  and  generally  under- 
stood, it  is  respectfully  suggested  that  the  great  need  of  these  islands  at  the 
present  time,  and  in  addition  to  the  work  now  being  carried  on  by  insular 
bureaus  composed  of  trained  men  already  in  the  field,  is  a  base  map  as  outlined 
above,  upon  which  all  maps  of  limited  area  may  be  fitted  as  parts  of  a  system- 
atic whole. 

Philippine  Kining  and  Kineral  Kesouroes  in  1905. 

The  outlook  for  a  profitable  mineral  Industry  is  more  hopeful  to-day  than  It 
has  been  at  any  time  since  the  American  occupation.  An  increasing  interest  is 
being  shown  in  mineral  claims,  and  capital  will  probably  be  more  readily  ob- 
tained in  the  future  than  it  has  been  in  the  past.  It  is  believed  that  the  "  law 
of  the  survival  of  the  fittest"  has  held  good  here,  as  elsewhere,  and  that  the 
most  promising  mining  claims  we  hear  of  to-day  are  many  of  them  worthy  of 
serious  consideration. 

Much  activity  in  prospecting  and  development  work  was  shown  in  several 
districts  last  year.  Modem  machinery  has  begun  to  arrive  from  the  United 
States,  and  more  of  It  is  understood  to  be  ordered  and  expected  at  an  early  date. 

Mining  development  is  now  being  carried  on  in  the  provinces  of  Lepanto- 
Bontoc,  Benguet,  Pangasin&n,  Nueva  Ecija,  Bulac&n,  Kizal,  Batangas,  Tayabas, 
Camarines,  Albay,  Masbate,  Cebu,  and  Mindanao,  while  prospecting  is  being 
done  In  almost  every  Island  of  the  archipelago. 

LEPANTO. 

In  Lepanto,  In  the  copper  district  of  Mancayan,  about  40  claims,  including 
the  Santa  Barbara  and  Sin  Nombre  pertenencias  of  the  Spanish  r^ime,  all 
now  located  under  the  present  mining  laws,  have  been  secured  as  an  option  by 
agents  of  a  New  York  syndicate,  and  an  expert  is  understood  to  be  expected 
from  New  York  to  examine  these  properties  in  October  of  this  year.  The  old 
Spanish  workings  have  uncovered  large  bodies  of  high-grade  copper  ore  on  the 
Santa  B&rbara  and  Sin  Nombre  claims,  and  it  is  anticipated  that  much  system- 
atic exploration  work  will  be  done  upon  the  adjoining  properties  upon  the 
arrival  of  the  syndicate  engineer.  In  Suyoc,  just  south  of  Mancayan,  some 
Important  prospects  are  being  developed  by  American  miners  at  the  i)resent 
time.  Gold  and  copper  ores  both  occur  here.  Analyses  by  the  bureau  of  gov- 
ernment laboratories  show  four  samples  of  Mancayan  ores,  collected  by  Mr. 
A.  J.  Eveland,  geologist,  mining  bureau,  to  contain  respectively  13.93  per  cent, 
16.5  per  cent,  9.7  per  cent,  and  32.9  per  cent  in  copper,  and  $4.75,  $3.31,  $1.65, 
and  $0.85  to  the  ton  in  gold.  The  ores  are  "  gray  copper  "  ores,  chiefiy  Tetra- 
hedrite,  Tennantite,  Enargite,  and  Luzonite. 

The  Mancayan-Suyoc  area  was  studied  in  1904  by  a  field  party  from  the  min- 
ing bureau,  consisting  of  Mr.  A.  J.  Eveland,  geologist  in  charge,  Messrs.  Maurice 
Goodman  and  H.  M.  Ickis,  field  assistants,  and  field  employees  engaged  for  the 
work.  The  report  of  Mr.  Eveland  has  been  completed  and  is  now  ready  for  the 
press.  This  reiwrt,  covering  the  work  of  a  geological  reconnaissance,  as  more 
detailed  work  was  not  advisable  in  the  absence  of  topographic  base  maps  and  . 
extensive  development  work,  will  contain  maps,  photographs,  and  analyses  of 
rocks  and  ores,  and  will  be  a  welcome  addition  to  the  literature  of  the  economic 
geology  of  the  Philippines. 

BENGUET. 

In  Benguet  some  important  development  work  has  been  done,  particularly  in 
the  district  of  Antimok.  Here  lie  the  claims  of  Messrs.  Clark,  Petersen,  Clyde, 
Lehlbach,  Reavis,  and  others,  most  of  whom  have  been  at  work  here  for  several 
years.  Although  the  ore  bodies  have  not  yet  been  subjected  to  the  detailed  in- 
vestigation they  deserve,  this  work  will  be  taken  up  immediately  by  Mr.  A.  J, 
Eveland,  geologist,  mining  bureau,  who  has  just  completed  topographic  mapping 
and  other  preliminary  work  in  this  district.  The  ore  bodies  are  apparently 
very  extensive  and  it  is  known  that  much  of  the  ore  is  of  a  good  grade,  varying 
through  the  district  from  $5  to  $50  per  ton  in  gold,  the  most  important  pay 
streaks  being  worked  averaging  over  $12  per  ton.    Many  samples  from  tunnels 
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and  crosscuts,  however,  indicate  such  constant  low-grade  values  also  that  mhie 
sampling  in  Benguet,  as  elsewhere,  should  he  conducted  with  great  care,  and  In 
accordance  with  most  modem  practice,  in  estimating  values  of  ore  in  the  mass. 
This  is  particularly  advisable  in  view  of  the  fact  that  similar  samples,  similarly 
taken  in  the  same  workings,  show  variations  from  $1.65  to  $43  per  ton,  as  in 
Mr.  Lehlbach's  "  Middle  Reef  "  vein  In  which  4  feet  of  the  pay  streak  gives  the 
latter  values,  and  the  next  4  feet  assayed  only  $1.65.  This  is  an  oxidized  ore 
in  a  quartz  gangue  as  far  as  uncovered,  and  If  development  justifies  it  it  is 
understood  to  be  Mr.  Lehlbach's  intuition  to  treat  it  and  ore  from  two  similar 
veins  by  stamp  milling  and  cyanidation.  He  has  announced  the  plan  of  his 
company  to  order  a  10-stamp  mill  with  1,000-pound  stamps,  short  drop,  and 
rapid  discharge,  and  a  100-ton  cyanide  plant,  if  present  work  proves  large 
bodies  of  ore.  According  to  Mr.  Lehlbach,  the  vein  systems  of  this  district  are 
closely  related  and  are,  above  water  level,  largely  of  free  milling  ores.  Messrs. 
Kelly,  Clark,  Petersen,  Reavis,  and  Clyde  have  done  sufficient  work  upon  their 
claims  to  prove  deposits  worthy  of  serious  consideration  and  the  amount  of  ore 
to  be  probably  large.  It  Is  understood  that  Mr.  Kelly  expects  a  10-stamp  mill 
with  a  cyanide  plant  to  arrive  from  the  United  States  within  a  few  weeks,  and 
Mr.  Clark  has  just  received  a  3-stamp  quadruple  discharge  Hendy  mill  and  a 
60-ton  cyanide  plant,  all  In  charge  of  Mr.  C.  M.  Eye,  mining  engineer.  Messrs. 
Petersen  and  Clyde  have  built  in  Manila  shops  a  3-stamp  mill  for  development 
purposes,  and  reports  from  Mr.  Eveland  Indicate  that  they  have  had  some  satis- 
factory trial  runs,  cleaning  up  $10  to  the  ton  from  their  plates  on  preliminary 
runs. 

In  the  Bued  River  district  Messrs.  Hanson  and  Meade  have  uncovered  a  gold- 
copper  lead,  upon  which  a  3-stamp  mill  will  be  erected  at  once.  This  mill  is  now 
being  built  in  Manila  shops,  and  will  be  used  for  development  and  for  trial  runs. 
This  ore  is  apparently  a  concentrating  and  shipping  ore,  and  as  the  "  Copper 
King"  claim,  upon  which  it  occurs,  is  near  the  Benguet  road  and  enjoys  excel- 
lent transportation  facilities,  it  is  planned  that  trial  shipments  of  concentrates 
to  the  Tacoma  smelter  be  made.  In  this  connection  it  may  be  stated  that.  In 
response  to  requests  made  by  this  bureau  for  Philippine  miners,  the  Tacoma 
smelter  offers  Inviting  terms  to  ore  shippers  here  and  has  secured  a  rate  per 
gross  ton,  f.  o.  b.  Manila  Bay  and  delivered  on  Smelter  wharf  at  Tacoma,  from 
the  Boston  Steamship  Company,  of  $5  per  ton. 

In  this  district,  also,  Mr.  Eveland  reports  that  the  ore  outcrops  on  Mr.  Peter- 
sen's "  Gray  Horse  "  claim  are  of  lead,  Iron,  copper,  and  zinc  sulphides,  carry- 
ing $20  to  the  ton  in  gold. 

The  3-stamp  mill  that  Mr.  Hartwell  built  In  Manila  and  operated  at  a  profit  on 
his  "  Hope  "  claim  in  Benguet  has  temporarily  closed  down,  owing  to  the  death 
during  the  year  of  the  man  who  made  it  a  success.  Mr.  Hartwell  was  a  miner  of 
the  best  type — conservative,  competent,  and  combining  within  himself  the; sturdy 
qualities  of  the  pioneer  with  the  Intrinsic  worth  of  high  American  ctlzenship. 
His  loss  is  not  only  a  loss  to  the  mining  industry  here,  but  to  the  large  number 
of  staunch  frends  he  so  readily  made  and  kept.  Mr.  Hartwell  was  Kipling's 
*•  Explorer  "  personified,  and  whatever  tribute  may  be  found  within  those  noble 
lines  he  richly  deserves.  He  blazed  the  trail,  explored  the  hills,  found  the  gold, 
built  the  first  American  stamp  mill  In  the  Philippines,  transported  It  to  Ben- 
guet, worked  his  mine  and  mill  and  made  them  pay,  all  against  constant  ob- 
stacles that  would  mean  failure  to  a  man  of  less  energy  and  grit.  His  reward 
was  his  successful  struggle  with  difficulties  that  none  but  his  kind  can  under- 
stand.   His  monument  will  be  the  gold-milling  industry  of  Benguet. 

PANGASINAN. 

In  Pangaslnan,  In  the  foothills  of  the  northern  Zambales  Range,  near  Salasa, 
a  number  of  claims  have  been  recorded  and  worked.  The  ores  here  are  copper 
carbonates  and  sulphides,  assays  of  three  samples  from  the  claims  of  Mr.  W.  H. 
Miller,  who  is  the  pioneer  in  this  field,  giving,  re^)ectlvely,  19.9  per  cent,  11  per 
cent,  and  18  per  cent  in  copper ;  13.2  ounces,  0.0  ounces,  and  2  ounces  in  silver ; 
and  $2.76,  $1.60,  and  $3.80  In  gold.  These  claims  are  favorably  situated  with 
respect  to  transportation  by  water  and  by  rail,  and  If  development  proves 
these  deposits  extensive  the  prospects  should  seem  good  for  profitable  working. 

NUEVA  ECU  A. 

In  Nueva  Ecija,  near  Gapan,  and  Pefiaranda,  on  the  Rio  Cbico,  and  elsewhere, 
extensive  deposits  of  placer  gold  have  been  known  for  many  years.    No  veins 
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are  yet  reported,  but  prospecting  in  the  placer  ground  Is  being  actively  prose- 
cuted at  the  present  time. 

BULACAN. 

In  Bulacan,  in  the  mountains  east  of  the  towns  of  San  Miguel  and  Angat,  im- 
portant deposits  of  rich  hematite  and  magnetite  iron  ores  have  been  known  and 
worked  by  natives  in  a  small  way  for  over  a  century.  Analyses  of  these  ores 
have  shown  many  of  them  to  be  very  pure,  and  some  of  them  fully  up  to 
bessemer  grade.  Samples  of  them  have  been  sent  by  the  mining  bureau  to  the 
steel  works  of  Lewis  &  Hazlett,  of  Wheeling,  W.  Va.,  for  analysis  and  report, 
and  correspondence  is  now  in  progress  with  iron  works  of  Japan  looking  to  the 
profitable  shipment  of  these  ores.  Analyses  made  by  the  bureau  of  government 
laboratories  for  the  mining  bureau  and  published  in  Bulletin  No.  3  of  this 
bureau — "A  Geological  Reconnoissance  of  the  Iron  Region  of  Angat,  Bulacan  " — 
gave  the  following  results: 
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The  natives  of  Bulacan  have  worked  these  iron  ores  in  the  open  entirely  and 
have  smelted  them  in  their  small  clay  furnaces  with  charcoal  as  fuel.  No  flux 
has  ever  been  used,  although  vast  quantities  of  limestone  are  at  hand.  Excellent 
gray  iron  castings  have  been  made  for  plow  points  and  shares,  and  the  useful- 
ness and  economy  of  these  deposits  are  apparently  capable  of  far  greater  atten- 
tion and  profit  than  they  receive  at  the  present  time. 

For  additional  and  recent  information  concerning  the  Angat  iron  region  of 
Bulacan,  attention  is  respectfully  invited  to  Exhibit  D,  above  referred  to,  and  ac- 
companying this  report. 

BIZAL. 

In  Rizal  Province  placer  washing  for  gold  has  been  carried  on  by  the  natives 
for  many  years,  and  this  has  led  American  prospectors  to  the  search  for  the 
origin  of  the  gold  in  the  hills.  No  important  discoveries  have  as  yet  been  made, 
however,  other  than  the  discovery  of  platinum,  first  identified  in  small  amount 
by  this  bureau  in  placer  sands  from  Rizal  during  the  past  year.  In  Rizal 
Province  also,  in  the  vicinity  of  Bosoboso,  there  are  coal  and  iron  deposits 
which  deserve  more  attention  than  they  have  yet  had.  At  Binangonan  occurs 
a  limestone,  fossiliferous  in  part  (the  "  nummulitic  "  limestone  of  Baron  von 
Richthofen),<»  which  has  recently  been  examined  with  reference  to  its  use  in 
the  manufacture  of  Portland  cement.  An  analysis  of  a  sample  of  this  lime- 
stone collected  by  Mr.  H.  M.  Ickis,  field  assistant,  mining  bureau,  made  by  the 
bureau  of  government  laboratories  for  this  bureau,  gave  the  following  results : 


Binangonan  limestone. 


Percent. 

Water  at  110" 16 
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•  The  fo88il  forms  of  this  limestone  have  recently  been  shown  by  W.  D.  Smith,  gooloirlst 
of  this  bureau,  to  be  OrMtoides.—H.  D.  McCaskey. 
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This  is  at  once  seen  to  be  an  excellent  material  for  the  puri)ose  o(  making 
cement,  and  there  is  available  clay  in  the  vicinity  and  good  water  transiwrta- 
tion  to  Manila.  Capitalists  are  now  giving  this  proposition  careful  considera- 
tion with  a  view  to  erecting  a  modem  rotary  plant,  to  cost  not  less  than  $225,- 
000.  There  has  been,  and  will  be,  a  large  demand  for  cement  in  the  Philippines, 
and  with  the  vast  quantities  of  limestone  and  clay  known  to  occur  in  the 
Philippines  it  would  seem  unfortunate  if  cement  can  not  be  made  here  at  a  profit 
and  of  standard  f:rade. 

BATANGAS. 

In  Batangas  Province  work  has  been  done  in  the  Lobo  Mountains  upon  21 
claims  containing  copper  ores,  two  surface  samples  of  which  have  assayed, 
respectively,  2.71  per  cent  and  17.1  per  cent  In  copper,  with  a  trace  of  gold  in 
each,  and  a  third  showing  10  per  cent  in  copper  and  $8  in  gold. 

The  veins  are  of  two  systems  and  of  the  fissure  type,  according  to  Mr.  Smith, 
who  has  studied  them,  in  dioritic  rock  (petrographlcally  yet  undetermined), 
and  are  from  6  inches  to  2  feet  wide,  with  an  east-west  strike  for  the  major 
system  and  N.  45**  to  57°  W.  for  the  second. 

The  principal  minerals  are  bomite,  chalcopyrite,  teuorite,  cuprite,  chalco- 
cite  ( ?),  malachite,  and  azurlte.  Traces  of  silver  are  carried  by  the  copper,  and 
one  assay  has  shown  the  ore  to  carry  $8  gold  to  the  ton.  Molybdenite  has  been 
found  scattered  throughout  some  of  the  same  veins  in  which  copper  occurs. 
The  veins  are  principally  of  quartz,  but  porphyry  and  pegmatitic  veins  have 
been  seen. 

Up  to  the  present  time  little  more  than  assessment  work  has  l>een  done,  but 
further  development  work  will  shortly  be  undertaken. 

These  properties  are  situated  very  advantageously  for  mining  work,  being 
about  600  feet  above  sea  level  and  not  more  than  5  miles  from  a  good  harbor  at 
Guinasepa,  on  the  east  coast  of  Batangas  Province.  Timber  and  water  in 
abundance  are  available. 

TAYABAS. 

In  Tayabas  Province  a  large  number  of  coal  and  petroleum  claims  have  been 
recorded  during  the  past  year,  although  it  is  not  known  that  extensive  develop- 
ment work  has  been  done  upon  them.  The  Tayabas  petroleum  field  lies  on  the 
eastern  side  of  the  peninsula,  on  the  Ragay  Gulf.  It  has  been  reported  that 
analyses  of  the  petroleum  have  shown  it  to  be  of  superior  quality.  No  wells 
have  yet  been  driven  to  thoroughly  prospect  this  field,  so  far  as  known. 

In  the  island  of  Pollllo,  off  the  Pacific  coast,  a  large  number  of  coal  claims  have 
recently  been  recorded.  They  cover  a  series  of  four  seams,  each  apparently 
about  4  feet  thick,  outcropping  with  an  approximate  north-south  strike  and  a 
westerly  dip.  The  tonnage  of  available  coal  covered  by  the  claims  recorded  is 
probably  very  great.  No  figures  can  be  given,  however,  In  advance  of  develop- 
ment work.  There  are  no  marked  evidences  of  faulting  or  undue  disturbance 
of  strata,  although  folding  undoubtedly  occurs.  Good  harbor  facilities  are 
available,  and  upon  the  whole  these  claims  are  considered  worthy  of  serious 
consideration  as  affording  a  probable  supply  of  workable  steaming  coal.  Out- 
crop samples  give  the  following  analysis : 

Per  cent. 

Moisture 4.7 

Volatile  combustible 4.3. 5 

Fixed  carbon 50. 1 

Aflh 1.7 

Sulphur . .  28 

Calorific  value 6, 807 

These  coals  are  under  investigation  at  the  present  time. 

CAMARINES. 

In  the  Camarines  Province  the  Spanish  concessions  upon  the  extensive  gold 
deposits  in  the  districts  of  Paracale  and  Mambulao  have  been  largely  relocated 
by  American  mining  men  under  present  laws  and  without  friction  with  the  former 
concessionaires,  and  some  work  has  been  done  in  the  reopening  of  abandoned 
shafts  and  in  preparation  for  future  systematic  development.  The  important 
ore  bodies  of  this  district  are  reported  to  be  contact  deposits  between  crystalline 
schists  and  diorite  and  to  be  well  defined,  so  far  as  uncovered.    The  contact  is 
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reported  as  traced  for  20  miles,  and  along  this  all  mining  in  this  field  has  been 
done.  Two  vein  systems  intersect  each  other  through  the  district  approximately 
at  right  angles,  the  enrichment  at  some  intersections  having  been  reported  upon 
as  developing  exceedingly  high  values.  The  strike  of  the  most  marked  vein  out- 
crops varies  between  5"  to  40°  east,  and  the  dip  is  reported  to  be  southeast.  The 
veins  are  1  to  8  feet  wide,  and  the  vein  filling  is  quartz.  Deep  mining  will  prob- 
ably involve  pumping  expenses  of  no  mean  consideration,  but  it  is  understood 
that  much  valuable  ore  may  be  taken  out  before  this  expensive  stage  of  mining 
is  begun.  It  is  fully  believed  that  the  deposits  are  worth  the  attention  of  com- 
I)etent  mining  engineers,  retained  by  sufllcient  capital  to  work  these  mines,  but 
in  the  meantime  a  preliminary  step  will  be  taken  this  year  in  a  careful  study  on 
this  field  by  the  detail  of  Mr.  Eveland,  geologist,  to  the  work  of  a  reconnolssance 
and  the  preparation  of  a  general  report  upon  the  ore  bodies  themselves,  and 
possibly  by  the  further  detail  of  Mr.  Maurice  Goodman,  field  assistant,  to  a  care- 
ful survey  of  the  placer  fields  of  the  Paracale  and  Malaquit  rivera  Assays  of 
ore  samples  from  this  district  have  averaged  $20.92  In  gold  to  the  ton  for  the 
San  Maurlcio,  a  representative  group  of  claims  covering  deposits  of  partially 
refractory  ore,  and  this  for  a  large  amount  of  systematic  sampling  done  by 
five  different  mining  engineers.  Assays  of  the  Tumlmga,  a  free-milling  gold 
quartz  vein,  upon  which  a  10-stamp  mill  will  probably  be  erected  in  February 
of  next  year,  have  given  exceedingly  rich  returns,  but  as  the  sampling  has  been 
less  carefully  done  upon  this  vein  It  would  serve  no  good  purpose  to  quote  values 
here.  The  ores  are  sulphides  of  Iron,  copper,  lead,  and  zinc,  complex  auriferous 
smelting  ores  In  part,  and  In  part  suitable  for  milling  and  syanldatlon  or  chlorlna- 
tion.  The  placers  have  yielded  important  amounts  of  gold  in  the  past,  some  of 
the  nuggets  being  unusually  large.  While  It  may  be  somewhat  doubtful  whether 
sufllcient  rich  placer  ground  remains  for  panning  or  sluicing  methods,  recent 
samples  of  gravel  from  the  river  beds  indicate  that  dredger  work  here  would 
pay.  The  average  of  19  samples  of  gravel  recently  taken  by  Mr.  Robert  Llaiau 
from  the  Malaguit  River  and  examined  by  Mr.  H.  M.  Ickls,  field  assistant,  shows 
a  value  of  16  cents  to  the  cubic  yard.  It  Is  anticipated  that  notwithstanding 
mistakes  that  may  have  been  made  In  the  rather  extensive  development  of  the 
presumably  rich  ore  deposits  of  this  district  in  the  past  the  gold  ores  of  Para- 
cale and  Mambulao,  together  with  the  placer  fields  are  most  decidedly  to  be 
reckoned  with  in  future  work. 

ALBAY. 

In  Albay  Province,  in  Batan  Island,  Lieut.  H.  L.  Wigmore,  Corps  of  Engine^^ 
IT.  S.  Army,  assisted  by  a  detail  of  men,  has  been  prosecuting  an  examina- 
tion of  the  coal  deposits  for  the  military  government  by  means  of  the  diamond 
drill.  Mr.  W.  D.  Smith,  geologist,  mining  bureau,  has  been  detailed  to  work  out 
the  economic  geology  of  this  area  as  his  first  work  on  the  Philippines  coal  meas- 
ures and  has  been  in  the  field  for  the  past  three  months.  His  preliminary  report 
is  now  about  ready  for  the  press.  The  quality  of  the  best  Batan  coals,  which  are 
classified  by  Mr.  Smith  as  bituminous  coals  of  Tertiary  age.  Is  shown  by  chemical 
analysis,  calorific  tests,  and  practical  experimental  use  In  boilers  to  be  excellent 
and  apparently  fully  suitable  for  steaming  use.  The  quantity  of  the  coal  is 
believed  also  to  be  important,  as  are  favorable  local  conditions  for  handling  and 
shipping.  Further  and  deeper  borings  should  be  made  In  Batan,  however,  before 
extensive  mining  Is  begun  to  determine  the  continuity  of  the  seams.  Analyses 
by  the  bureau  of  government  laboratories  of  some  of  these  coals  follow: 
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MA  SB  ATE. 


In  Masbate,  In  the  northern  part  of  the  Island  near  the  town  of  Aroroy,  more 
or  less  work  has  been  done  upon  sixty  or  more  claims,  principally  of  free-milling 
gold  ores  In  quartz,  and  upon  twenty  or  more  gold  placer  claims  on  the  Lanan 
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and  Guinabatan  rivers.  Manganese  and  iron  ores  of  high  grade  have  also  be«i 
found  here,  but  little  attrition  has  been  given  th^n  up  to  the  presoit  time. 
Upon  claims  of  the  Eastern  Mining  Company  Mr.  A.  Heise  has  just  erected  a 
5-stamp  mill,  purchased  from  the  Union  Iron  Works,  of  San  Francisco,  to 
handle  the  free-milling  ores,  and  as  a  result  of  successive  trial  runs  aggregating 
eleven  and  one-half  days,  during  which  an  estimated  supply  of  100  tons  were 
crushed,  fine  bullion  to  the  value  of  $954.67  was  obtained.  This  would  indicate 
the  value  of  the  ore  to  average  a  saving  of  $9.55  to  the  ton.  Upon  the  quartz 
claims  of  the  CJogran  Mining  Ck>mpany,  on  the  Lanan  River,  a  considerable 
amount  of  development  work,  showing  most  favorable  indications  of  large  quan- 
tities of  free-milling  ore,  has  been  done.  A  series  of  parallel  veins  in  granite 
and  serpentine,  the  relations  of  which  are  yet  undetermined,  are  reported  here 
with  a  secondary  system  of  intersecting  veins.  Upon  the  "Queen  of  Sheba" 
claim  of  this  district  there  is  an  estimated  dump  of  2,500  tons  of  free-milling 
ore,  valued  at  from  $8  to  $42  per  ton,  the  result  partly  of  recent  extensive  open- 
cut  work  and  the  sinking  of  an  inclined  shaft  on  the  foot  wall,  and  partly  of 
ancient  workings  carried  on  in  a  primitive  way.  An  arrastra,  driven  by  caral>ao 
I)ower,  has  been  successfully  at  work  here  for  several  months  past,  and  the 
erection  of  a  modem  stamp  mill  will  probably  follow  during  the  present  year. 
Upon  four  claims  of  the  Aroroy  district  a  10-stamp  mill,  originally  intended  for 
Benguet,  and  now  in  the  islands,  will  be  installed  at  once  by  the  Philippine  Gold 
Mining,  Power  and  Development  Company,  according  to  plans  recently  an- 
nounced. Upon  the  placer  ground  of  the  Philippine  Mining  Company,  on  the 
Lanan  River,  a  Rlsdon  dredge,  which  represents  modem  and  thorough  workman- 
ship in  every  detail,  has  Just  been  completed  and  launched.  This  dredge  will 
handle  1,000  cubic  yards  of  gravel  per  diem,  the  gravel  running,  according  to  the 
estimates  of  Mr.  Fred  L.  H.  Kimball,  consulting  and  managing  mining  engineer 
in  charge,  25  cents  and  over  to  the  yard.  As  the  dredge  should  work  for  a  total 
cost  of  less  than  9  cents  a  yard,  a  good  profit  would  seem  to  be  In  sight  Upon 
the  placer  claims  of  the  Masbate  and  Oriental  Mining  Company,  on  the  Guina- 
batan River,  a  similar  Risdon  dredge,  just  arrived  from  the  United  States  in 
charge  of  Mr.  H.  J.  Robinson,  will,  it  is  hoped,  be  immediately  installed.  The 
Aroroy  and  Lanan  mining  districts  of  Masbate  have  been  In  most  energetic  and 
progressive  hands,  but  have  attracted  less  attention  thus  far  than  they  deserve. 

OEBU. 

In  Cebu  but  little  more  than  prospecting  has  been  done  during  the  American 
regime.  There  are  important  deposits  of  steaming  coal  in  this  island  and  two 
known  deposits  of  lead  ores.  An  analysis  of  coal  from  the  promising  coal  meas- 
ures of  Carmen,  containing  four  seams  reported  to  be  14  feet,  13  feet,  9  feet,  and 
17  feet  thick,  respectively,  will  give  an  idea  of  the  purity  of  the  best  Cebu  coals : 

Coal  from  Carmen,  Cehu, 

Per  cent 

Moisture 6. 00 

Volatile  combustible  matter 43.92 

Fixed  carbon 48. 51 

Sulphur .  37 

Ash 2.  2 

Total - 100.00 

These  bituminous  coals  are  better  than  many  American  lignites  mined,  sold 
at  a  profit,  and  used  with  success  upon  railway  and  steamship  lines  in  the 
United  States,  and  they  have  been  proved  by  practical  tests  in  steamships  in 
Philippine  waters  to  do  very  well  indeed.  Furthermore,  they  should  be  put 
on  the  Manila  market  for  $3.25  per  ton  and  on  the  market  at  Cebu  for  $2.50  per 
ton,  as  against  Japanese  coal  at  approximately  $5  and  Australian  coal  at  $6 
per  ton. 

MINDANAO. 

In  Mindanao  some  development  has  been  done  by  a  little  group  of  American 
miners  at  Placer,  Surigao  Province,  but  no  late  reports  from  this  district  are 
at  hand.  Some  prospecting  has  also  been  done  in  Mindanao,  and  it  is  known 
that  there  Is  coal  at  Bislig  and  Sibuguey  and  placer  gold  on  the  Agusan  River 
and  at  Pigtao  near  Misamis.    This  vast  Island  is  geologically  yet  unexplored. 
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Hecent  reliable  reports  are  to  the  effect  that  asbestos  has  been  found  in 
quantity  in  Ilocos  Norte,  that  metallic  mercury  has  been  found  in  Masbate, 
in  the  Camarines,  in  Zambales,  and  in  Mindoro  on  the  east  coast,  that  man- 
ganese deposits  are  cut  by  the  Capas-O'Donnel  road,  that  tin  and  tungsten 
liave  be«a  found  in  northwestern  Negros,  that  infusorial  earth  occurs  in  Zam- 
bales and  probably  in  Abra,  and  Mr.  Smith  has  just  reported  the  discovery  by 
him  of  molyl)denite  ores  in  veins  in  the  Loboo  Mountains  of  Batangas  Province. 

In  addition  to  the  above  mineral  deposits  that  have  received  some  active 
attention  or  have  just  been  reported  or  discovered,  gold,  platinum,  copper, 
lead,  zinc,  manganese,  iron,  antimony,  mercury,  coal,  sulphur,  petroleum,  salt, 
gypsum,  limestone,  clays,  and  building  stones  are  known  to  occur  in  the  Philip- 
pines as  mentioned  in  the  fifth  annual  report  of  this  bureau  and  as  indicated 
upon  the  general  mineral  map  of  the  islands  published  with  that  report  and 
reproduced  herewith.  A  forthcoming  bulletin  of  the  bureau  presenting  the 
latest  and  most  complete  information  concerning  the  mineral  industry,  statistics, 
and  resources  of  these  islands  will  l>e  issued,  it  is  hoped,  during  the  coming 
year. 

No  more  than  investigation  and  development  work  have  yet  been  done,  and 
there  are  as  yet  no  Philippine  mines  as  the  word  "  mine "  is  properly  under- 
stood. In  fact,  there  is  little  *' ore  in  sight,"  in  the  sense  that  it  is  blocked 
out  But  the  indications  are  in  many  cases  distinctly  encouraging  to  more 
extensive  work. 

TBANBPOBTATION   AND  LABOB. 

Although  the  matter  of  transportation  is  not  yet  satisfactory  and  must  neces- 
sarily remain  a  factor  of  great  cost  until  the  promised  and  prospective  Improve- 
ments of  coastwise  shipping  and  rates,  of  extensive  railway  construction,  and 
above  all,  of  a  greater  mileage  of  good  wagon  roads  of  moderate  grade  may 
have  materialized,  the  labor  problem  has  not  yet  Interfered  seriously  with  min- 
ing development;  nor  is  it  expected  to  prove  a  factor  of  great  uncertainty  or 
cost  My  favorable  views,  expressed  in  the  fifth  annual  report,  concerning  the 
possibility  of  developing  sufficient  and  satisfactory  mining  labor  in  the  Philip- 
pines, of  Japanese  and  natives  or  of  natives  alone,  under  competent  white  super- 
vision, remain  unchanged.  I  further  believe  this  labor  to  be  counted  upon  to 
afford  mining  at  comparatively  low  cost  and  therefore  to  render  profitable  com- 
paratively low-grade  ores.  Mining  costs  in  the  Philippines  have  so  far  been 
relatively  low  and  native  labor  has  been  almost  exclusively  employed.  I  am 
informed  by  Mr.  Lehlbach,  who  has  employed  Japanese  and  native  labor  in 
Benmiet,  that  he  estimates  his  total  mining  costs  to  be  $0.70,  his  crushing, 
sorting,  and  tramming  to  be  $0.24,  and  his  milling  and  cyanidatlon  to  be  $0.89 
per  ton,  United  States  currency,  on  a  basis  of  treating  4,000  tons  of  ore  per 
month,  and  the  above  costs  to  be  reduced  to  $0.49,  $0.17,  and  $0.59  per  ton, 
respectively,  on  a  basis  of  15,000  tons  per  month — this  with  native  labor  util- 
ized under  white  foremen.  These  figures  give  totals  of  $L84  and  $1.25  per  ton, 
respectively,  but  it  is  yet  an  open  question  whether  costs  so  low  can  be  main- 
tained. Certainly  they  do  not  Include  pumping  or  hoisting  from  depth.  In 
the  Camarines  Province  It  lias  been  estimated  that  the  total  cost  of  mining, 
milling,  concentrating,  and  management  would  be  excessive  at  $5  per  ton.  In 
Masbate  Mr.  Helse  reports  that  the  total  cost  of  mining,  milling,  fuel,  and 
management  with  native  labor  has  averaged  $3.75}  per  ton.  The  above  are  all 
gold-mining,  stamp-milling,  and  development  costs.  In  coal  mining  it  has  been 
c?8tlmated  that  at  Carmen,  In  Cebu,  the  total  cost  of  mining  should  not  exceed 
$1  per  ton.  In  Batan  Island,  according  to  Mr.  Smith,  with  Japanese  labor 
total  mining  costs  have  been  $2  to  $2.50  per  ton.  Lieutenant  Wlgmore  esti- 
mates, however,  that  with  Japanese  and  native  labor  mixed,  and  working  on  a 
commercial  scale,  total  mining  and  loading  costs  should  not  exceed  $2  per  ton. 
The  above  costs,  it  must  be  remembered,  are  during  the  pioneer  stage  of  develop- 
ment and  adjustment  to  new  conditions ;  It  Is  expected  that  they  will  be  reduced 
In  time,  with  the  exception  of  Mr.  Lehlbach*s  estimates.  At  least  two  mining 
men,  doing  development  work,  have  stated  to  me  their  preference  Is  for  native 
labor  over  Japanese,  and  the  tendency  is  for  the  native  to  step  into  his  proper 
place  In  Philippine  mining  and  furnish  the  bulk  of  the  labor  required.  It  Is  not 
contended  for  a  moment  that  native  labor  In  general  has  been  entirely  satisfac- 
tory in  the  Philippines  during  the  past  few  years,  but  it  Is  contended  very 
strongly  that  for  this  unfortunate  condition  of  things,  particularly  with  refer- 
ence to  agricultural  labor,  the  laborer  has  been  by  no  means  entirely  to  blame: 
and  with  special  reference  to  a  relatively  new  field  such  as  mining  it  is  believed 
that  with  the  absolute  essentials  of  (1)  fair  treatment,  including  reasonable 
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wages  and  prompt  payment,  and  (2)  competent  snpeniiiion  a  snfBcient  and 
mtiafactory  qoality  of  native  labor  may  be  depended  npon. 

On  the  whole,  therefore,  the  mineral  industry  of  the  PbUippines  has  steadily 
grown.  What  its  future  may  hold  can  not  be  safely  prophesied  now,  but  with 
the  islands  at  peace  and  under  a  safe  and  stable  govemment,  with  no  more 
of  a  labor  problem  than  it  is  believed  can  be  overcome,  with  Increased  trans- 
portation facilities  in  sight,  with  more  confidence  on  the  part  of  capital,  and  a 
better  showing  on  the  part  of  prospecting  and  develotMnoit  work  a  conserva- 
tive estimate  would  indicate  a  bright  outlook  for  the  coming  year  1906.  It  is 
hoped  and  believed  that  the  sturdy  pioneers  who  have  blazed  tbe  trail  tbrougfa 
many  a  heiirtbreaking  day  in  fever  swamp.  Jungle,  and  forest  during  years  of 
peril  and  privation,  the  full  tale  of  which  will  never  be  told,  will  yet  come  into 
their  own,  and  through  them  that  the  mineral  Industry  of  the  Philippines  will 
prove  an  Important  factor  In  the  developm^it  of  prosperity  and  progress  under 
American  rule. 

•  ♦•♦♦•  m 

In  the  Philippines  the  ores  are  of  middle  and  low  grade  and  economic  problems 
enter  from  the  first  In  addition  to  this,  problems  of  difllcult  tropic  conditions, 
labor,  transportation,  and  supplies  must  be  met  once  capital  Is  secured.  The 
toiK)graphIc,  climatic^  and  geologic  feature  of  the  Philippines  render  pros- 
pecting exceptionally  diflScult,  and  to  these  and  to  other  unfavorable  conditions 
may  be  ascribed  the  lamentable  fact  that  notwithstanding  an  occupancy  of 
several  hundred  years  our  Spanish  and  native  predecessors  succeeded  In  devel- 
oping no  mines  worthy  of  the  name.  Resulting  from  this,  the  natives  of  these 
Islands  are  neither  intelligent  pro8i)ector8  nor  miners  In  the  modem  sense,  and 
with  the  exception  of  a  limited  numl)er  of  Igorots,  Blcols,  and  others,  they  do 
not  know  even  primitive  mining.  There  Is,  therefore,  no  Important  mining 
community  among  the  Filipinos,  and  the  Interests  of  mining  development  are 
at  present  largely  in  the  hands  of  a  small  number  of  American  miners  and 
prospectors.  Were  these  men  to  leave  the  Islands,  as  many  of  them  have  done, 
the  mineral  resources  would  undoubtedly  He  undeveloped  for  an  Indefinite 
number  of  years,  as  there  is  no  mining  class  among  the  natives  yet  bred  to  take 
up  their  work.  The  future  of  the  mineral  industry  is  believed,  therefore,  for 
the  present  to  be  dependent  upon  these  hardy,  intelligent,  and  invincible  Ameri- 
can pioneers  who  have  laboriously  blazed  the  trail  as  they  and  their  forbears 
developed  our  West.  They  have  penetrated  the  wilderness  and  have  in  five 
years  develoi)ed  and  opened  up  several  promising  mining  districts  that  were 
little  known  and  less  developed  during  all  the  centuries  before  they  came. 
They  have  overcome,  and  It  is  believed  can  overcome,  every  Important  obstacle 
save  a  lack  of  sufficient  capital  to  proceed  with  their  work.  For  several  years 
they  have  drawn  upon  their  own  limited  resources  and  those  of  their  friends 
in  the  Philippines;  they  have  now  reached  that  point  when  capital  upon  a 
larger  scale  Is  practically  an  essential  to  success.  They  have  developed  mineral 
districts,  but  their  finds  have  largely  been  in  middle-grade  and  low-grade  ores. 
The  problem  of  cost  of  mining  and  cost  of  production  Is  a  vital  factor  In  their 
relations  with  capital,  and  it  Is  therefore  necessary  that  they  be  able  to  offer 
more — to  guarantee  the  further  development  required  to  justify  erection  of 
works — than  section  33  will  allow.  Extensive  deposits  of  the  above  class  of 
ores  are  believed  to  exist  in  the  Philippines,  and  after  five  years  of  work  in 
these  Islands  I  am  prepared  to  express  my  belief  that  an  Important  and  profit- 
able mining  Industry  can  be  built  up  here  with  proper  encouragement,  and  this 
with  no  menace  whatever  to  the  rights  of  the  natives,  but  rather  to  their  mate- 
rial advantage  iu  all  that  development  and  Industrial  progress  must  necessarily 
mean  to  them. 


Exhibit  B. 
Karrative  Report  of  Bengnet  Field  Work,  by  A.  J.  Sreland,  Gteoloffiat. 

Mining  Bubeau,  ManUa,  June  29,  1905. 

Sir:  In  accordance  with  your  instructions  of  March  10,  1905,  proper  equip- 
ment was  selected,  and  on  March  16,  I  left  Manila  via  the  Manila  and  Dagupan 
Railroad  with  one  assistant,  Mr.  C.  M.  Weber,  temporary  employee  of  the  mining 
bureau. 

The  work  planned  for  the  field  season  Included  an  Inspection  of  certain 
reported  copper  deposits  in  Pangasinan  Province,  the  town  nearest  being  Salasa, 
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some  10  miles  west  of  Dagupan.  For  this  Inspection,  which  was  to  determine, 
if  possible,  the  advisability  of  further  work,  and  to  give  such  technical  assist- 
ance as  might  be  asiced  to  those  operating  the  properties,  it  had  been  arranged 
that  I  was  to  be  met  at  Dagupan  by  Ck)lonel  Kennon,  who  would  accompany 
me  to  the  works.  He  was  communicated  with  by  wire,  and  as  he  failed  to 
appear  the  day  set  by  him,  I  went  without  him  to  the  mines  via  Lingayen  and 
Salasa  on  March  18. 

Four  days  were  spent  with  the  miners  looking  over  the  ground,  and  I  returned 
to  Dagupan  March  24,  meeting  Ck)lonel  Kennon  en  route. 

Report  was  made  to  the  chief  of  the  mining  bureau  under  date  of  March  26, 
covering  this  portion  of  the  work. 

Wagons  were  procured  at  Dagupan,  and  being  exchanged  for  caretons  and 
cargadores  at  Twin  Peaks  and  Colgan's  Camp,  Baguio  was  reached  March  26. 

The  first  week  was  spent  in  preliminary  surveying  work,  tieing  in  to  the 
trlangulation  work  of  the  Benguet  road  surveys  and  in  running  a  short  line 
(3  miles)  out  to  J.  F.  Kelly's  properties  on  the  main  Antlmok  trail.  During 
some  of  this  preliminary  work  fossils  were  collected  from  a  large  limestone 
bed  Just  west  of  Baguio,  the  outcrop  of  which  forms  a  prominent  feature  of 
the  landscape. 

Up  to  April  23,  all  but  a  little  work,  using  Baguio  as  headquarters,  was  im- 
possible. A  series  of  illnesses,  first  of  malarial  fever  of  Mr.  Weber,  then  of 
smallpox  for  a  camp  hand,  and  finally  of  appendicitis  for  myself,  in  two  weeks, 
and  simultaneously  an  absolute  lack  of  even  enough  men  to  get  the  camp 
equipment  out  of  Baguio  effectually  prevented  any  carrying  on  of  the  work; 
but  after  that  date  work  was  resumed  and  prosecuted  steadily  until  the  advent 
of  the  rainy  season. 

Trlangulation  stations  were  put  up,  the  topography  of  the  country  affording 
excellent  sites,  and  were  tied  in  with  the  Benguet  road  survey  stations,  and 
from  them  the  topography  carried  on  in  the  usual  manner. 

The  weather  as  a  whole  was  excellent  for  survey  work,  and  even  the  occasional 
bad  days  could  be  used  to  plat  some  of  the  data  needed  in  the  field  and  to 
reduce  the  field  notes,  so  that  I  was  able  to  return  to  Manila  with  notebook 
completely  up  to  date. 

Toward  the  last  day  of  May  and  the  first  of  June  some  attention  was  paid  to  the 
geology  and  ore  deposits  of  the  Antlmok  region,  which  up  to  date  were  set  aside 
for  the  completion  of  the  work  of  first  Importance.  All  the  tunnels  and  openings 
of  this  district  were  surveyed  and  platted,  such  information  as  to  the  geology 
as  could  be  hastily  obtained  was  gathered,  and  about  25  samples  of  rocks  and 
ores  were  collected  to  be  brought  to  Manila  for  examination  and  analysis.  In 
accordance  with  your  instructions  and  at  the  request  of  Messrs.  Petersen  and 
R<»avis,  three  days  were  spent  at  the  stamp  mill  they  have  lately  put  into  opera- 
tion to  aid  them  in  the  milling,  if  possible.  It  was  found  that  while  the  spirit 
and  energy  of  these  gentl^nen  are  most  praiseworthy,  and  could  well  be  dupli- 
cated by  others,  that  they  are  struggling  under  adverse  conditions  due  to  lack 
of  knowledge  of  the  work,  and  such  information  and  help  as  I  could  give  were 
furnished.  Details  of  feed,  stamp  drop,  water,  oil  on  plates,  and  so  on  were 
att^ided  to,  and  such  advice  as  I  was  capable  of  was  given.  I  understand 
that  the  latter  has  been  acted  upon — a  plate  of  18  feet  instead  of  the  18-lnch 
one  in  place  has  been  ordered— the  mill  is  to  be  steadied  and  better  arrange- 
ments to  be  made  in  general.  Even  under  the  present  crude  conditions  I  should 
Judge  that  possibly  the  mill  plated  $10  to  the  ton  during  this  run,  which  is  an 
excellent  indication  of  ultimate  success. 

A  visit  was  made  to  the  Batwaan  Creek  mining  region,  but  it  was  found 
deserted,  and  as  we  had  no  food  with  us  it  was  necessary  to  return  to  camp. 
Several  efforts  were  made  to  connect  with  the  parties  interested  in  this  region 
to  no  avail  and,  therefore,  it  was  necessary  to  forego  the  examination  desired. 

One  visit  was  made  to  claims  in  the  "Bued  River"  region,  the  "White 
Horse  "  and  "  Grey  Horse  "  of  Mr.  Petersen,  and  the  outcrop  examined.  Owing 
to  the  early  advent  of  the  rainy  season  the  plans  for  spending  some  time  at 
this  district  had  to  be  changed  and  postponed  for  the  geological  reconnoissance 
In  the  fall.  A  heavy  storm  commenced  about  the  month  of  June  and  lasted 
until  the  party  left  Baguio  on  the  22d.  So  much  rain  fell  that  it  was  impossible 
to  carry  on  further  work,  and  so  packing  was  commenced  about  the  19th. 

B^ore  leaving  Baguio  I  obtained,  in  accordance  with  your  instructions,  lists 
of  claims,  workings,  etc.,  the  plans  of  the  respective  holders  as  far  as  they 
could  be  obtained,  and  considerable  notes  as  to  the  ore  deposits  and  geology 
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in  each  case.  At  Twin  Peaks  I  made  an  examination  of  the  map  of  the  Benguet 
road  surveys,  traced  those  to  be  used  in  my  work,  and  obtained  other  informa- 
tion which  will  be  of  use  in  the  preparation  of  my  final  report  on  this  region. 
All  this  was  most  cordially  given  by  CJol.  L.  W.  V.  Kennon,  and  later  by  Mr. 
G.  H.  Hayward,  in  successive  charge  of  the  road. 

Some  little  delay  ensued  in  getting  out  of  Baguio,  but  on  June  22,  enough 
polistas  were  procured  through  the  friendly  services  of  a  Chino,  and  the  trip 
made  through  into  Manila  in  three  days,  arriving  Sunday,  June  22,  by  the  same 
route  as  going. 

Respectfully  submitted. 

A.   J.    EVKLAND, 

Geologist,  Mining  Bureau, 
Mr.  H.  D.  McCaskey, 

Chief  of  the  Mining  Bureau,  Manila, 


Exhibit  C. 

Harrative  Report  of  Work  in  Batan  Island,  Albay,  by  W.  D.  Smith,  B.  S.,  X.  A., 

Geologist. 

Mining  Bureau,  Manila,  June  17,  1905. 

Sib:  In  compliance  with  your  instructions  of  March  13,  1905,  and  June  16, 
1905,  I  have  the  honor  to  submit  an  advance  report  on  the  work  assigned  to 
my  charge  on  Batan  Island,  Albay  Province,  and  adjacent  territory  during 
the  months  of  March,  April,  May,  and  a  portion  of  June. 

According  to  instructions  the  work  was  that  of  collaboration  with  Lieut. 
H.  L.  Wlgmore,  in  charge  of  exploration  of  coal  deposits  on  the  United  States 
military  reservation  on  Batan  Island  and  that  of  obtaining  all  necessary  in- 
formation, including  maps,  samples,  etc.,  for  a  complete  report  on  the  economic, 
paleontologic,  and  geographic  geology  of  this  region  as  far  as  time  and  funds 
have  permitted  in  working  over  so  large  a  territory. 

On  March  18,  with  the  proper  field  equipment,  the  geologist  proceeded  to 
Liguan,  Batan  Island,  by  U.  S.  C.  T.  Lal-Loc,  arriving  there  on  the  morning  of 
March  23,  where  he  was  met  by  Lieut  H.  L.  Wlgmore,  whose  mess  he  shared 
during  his  stay  on  that  island. 

The  first  day  was  spent  with  Lieutenant  Wlgmore  in  looking  over  the  material 
and  results  of  his  previous  work.-  The  next  day  First-Class  Private  John  R. 
Yeager,  of  the  CJorps  of  Engineers,  and  one  native  were  detailed  to  the  geologist 
as  assistants  during  his  entire  stay.  These  men  were  found  very  efficient  In 
their  respective  work.  Private  Yeager  was  invaluable  in  the  prosecution  of  the 
work,  as  he  had  done  practically  all  the  instrument  work  on  the  military  reser- 
vation. 

In  every  way  Lieutenant  Wlgmore  assisted  and  made  the  geologist's  first 
work  in  the  archipelago  a  thing  to  be  always  recalled  with  pleasure.  Without 
his  able  work  in  one  of  the  most  difficult  pieces  of  exploratory  work  the  writer 
has  yet  seen  anywhere,  much  valuable  data  would  not  be  available  to  commerce 
and  science. 

Lieutenant  Wlgmore  also  assisted  in  obtaining  barotas  when  the  launch 
Atlanta  could  not  be  spared  and  bolomen  with  whom  to  attack  the  jungle, 
which  is  particularly  rank  on  this  island. 

The  first  two  weeks  were  spent  in  getting  a  general  idea  of  the  region  as  a 
whole  and  in  reviewing  the  work  done  by  Lieutenant  Wlgmore  and  his  corps 
of  engineers.  This  latter  work  was  done  chiefly  on  Sundays  and  in  the  evenings. 
It  was  found,  however,  that  even  the  most  cursory  examination  could  not  be 
made  in  that  time  owing  to  the  great  difficulty  in  getting  over  the  country.  If 
we  left  the  shore  it  was  as  a  rule  with  one  or  two  bolomen,  and  on  reaching 
even  the  highest  eminences  and  climbing  trees  we  could  see  practically  nothing 
of  the  surrounding  country. 

After  this  preliminary  work  we  started  with  the  triangulation  work  of  the 
Coast  and  Geodetic  Survey  and  the  more  detailed  work  done  by  Lieutenant 
Wlgmore  and  his  assistants  as  a  basis,  and  instituted  a  series  of  traverses 
crossing  the  island  In  various  directions  along  streams  and  around  the  coast. 

During  the  progress  of  this  work  we  found  it  impossible  to  get  back  to  our 
headquarters  at  night,  though  we  were  many  times  only  a  matter  of  a  mile  or 
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80  away,  so  that  we  generally  stopped  with  the  tenlentes  of  the  various  coast 
barrios.  At  all  times  we  found  the  natives  friendly  and  very  hospitable,  willing 
at  all  times  to  render  any  and  every  assistance.  In  return  for  these  courtesies 
we  endeavored  to  help  many  of  them  in  learning  English. 

These  people  belong  to  a  distinct  tribe  known  as  Blcols,  for  the  most  part 
peace-loving  people  and  thrifty. 

For  perhaps  a  month  or  six  weeks  work  was  confined  to  the  military  reserva- 
tion, as  this  was  the  prime  object  of  the  visit  to  Batan  Island.  Here  the 
geologist  was  particularly  Impressed  with  the  efficiency  with  which  army  men — 
officers  and  soldiers  alike — undertake  propositions  that  are  as  a  rule  handled 
by  men  who  have  been  specially  trained  in  one  thing.  Everyone,  extending 
even  to  the  clerical  force  of  whom  Mr.  W.  H.  Penny  is  chief,  seemed  imbued 
with  enthusiasm  for  the  work  going  on. 

Here  were  found  two  diamond  drills,  unfortunately  of  limited  capacity,  at 
work  under  the  supervision  of  experienced  men  from  the  United  States.  This 
is  the  first  instance,  to  my  knowledge,  of  the  employment  of  the  diamond  drill 
for  mineral  exploratory  work  in  the  archipelago.  The  coal  here  on  the  reserva- 
tion Improved  in  quality  and  appearance  with  every  foot  of  drilling  and  tunnel- 
ing, so  that  the  broken  and  slicken-sided  appearance  of  the  surface  coals  largely 
disappeared  with  depth. 

After  Lieutenant  Wlgmore*s  report  had  been  completed  and  submitted,  atten- 
tion was  turned  to  the  eastern  end  of  the  Island,  where  three  properties  were 
examined — the  Batan  mine,  mere  prospect  tunnels  as  yet ;  on  ex-Governor  Betts's 
claim,  the  Chlfladura,  now  in  operation  under  the  Japanese  contractor,  Mr. 
Ikeda,  and  belonging  to  the  Batan  Coal  Mining  Company,  and  the  Bilbao,  same 
company,  now  abandoned.  At  the  Chlfladura  the  output  is  22  tons  per  day 
(twenty-four  hours  of  three  shifts). 

Conclusions,  which  must  necessarily  be  conservative  at  this  time,  are  that  the 
Liguan  seams  are  In  a  lower  geological  horizon  than  those  of  the  eastern  beds 
and  hence  better.  I  found  other  factors,  such  as  transportation,  harborage, 
proximity  to  sea  level,  etc.,  favoring  the  deposits  at  Liguan. 

During  the  reconnolssance  on  the  eastern  end  of  the  Island,  iron  ore  (hematite 
and  Umonlte  with  some  magnetite)  was  found,  and  samples  were  collected  from 
which  analyses  are  being  made. 

When  the  more  or  less  detailed  reconnolssance  of  Batan  Island  had  been 
completed  a  trip  was  made  to  the  Island  of  Rapurapu.  Nearly  a  week  was 
spent  on  this  island,  which  proved  to  be  very  interesting  geologically  and  may 
also  prove  so  economically.  The  iron  formation  of  Batan  was  found  to  continue 
on  this  island.  Statements  with  regard  to  Its  extent,  thickness,  and  quality 
will  be  made  in  the  forthcoming  final  report.  At  the  pueblo  of  Rapurapu  a  guide 
was  obtained,  and  early  in  the  morning  of  the  24th  of  May  the  party  set  out 
in  a  baroto  along  the  south  shore,  disembarked  about  3  miles  east,  and  took 
a  trail  over  the  mountains  to  a  reported  gold  mine.  It  has  since  been  learned 
that  the  native  did  not  take  us  to  the  old  shafts,  but  to  a  place  where  placer 
work  has  been  carried  on.  There  reigns  among  these  people  a  great  fear  of 
entering  mines,  and  particularly  one  in  which,  as  in  this  case,  a  number  of  men 
had  lost  their  lives.  These  shafts  can  no  longer  be  entered  I  am  told,  so  that 
probably  nothing  much  was  missed. 

In  the  stream  bed  a  color  was  obtained  after  only  a  few  minutes*  panning. 
The  rocks  here  are  metamorphic  schists  and  plutonlc  rocks,  chlefiy  dlorlte. 

After  a  trip  across  the  island  to  the  north  shore  and  some  study  in  that  por- 
tion our  party  proceeded  across  the  strait  to  Gk)tbo,  the  scene  of  former  extensive 
coal  mining  on  the  part  of  the  Spaniards.  But  first  it  should  be  mentioned 
that  one  outcrop  of  coal  was  located  on  Rapurapu  on  the  low  plain  in  the 
vicinity  of  the  pueblo  of  the  same  name.  The  coal  does  not  appear  to  be  good, 
and  is  only  important  for  purposes  of  correlation. 

At  Gotbo  examination  was  made  of  the  old  Spanish  workings,  now  aban- 
doned and  in  a  sad  way — another  case  of  extensive  preparations,  great  enthu- 
siasm, and  lack  of  proper  superintendence. 

This  work  concluded,  the  party  returned  by  baroto  to  Batan. 

During  the  following  week  a  similar  reconnolssance  of  Cacraray  Island,  luring 
to  the  west  of  Batan,  was  made  with  the  following  objective  points:  (a)  The 
general  geology;  (6)  prospecting  for  coal;  (c)  preliminary  survey  of  route  for 
proposed  railroad  from  Legaspl  to  Coal  Harbor. 

The  following  week  was  spent  mainly  in  reconnolssance  work  on  the  **  main- 
land "  in  the  vicinity  of  May6n  volcano.  A  trip  was  all  arranged  for  by  Captain 
Castner,  Fourth  Infantry,  U.  S.  Army,  and  the  geologist,  for  the  ascent  and 
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geological  study  of  this  interesting  and  difficnlt  volcano.  Howerer,  the  transfer 
of  the  Fourth  Infantry  just  at  the  time  set  postponed  this  trip  indefinitely. 

The  courtesy  of  the  officers  of  the  Fourth  Infantry,  and  the  civil  authorities 
and  citizens  of  Albay  Province,  and  their  interest  and  assistance  in  many  ways; 
were  very  gratifying  to  the  geologist  in  his  work  in  this  neighborhood. 

Owing  to  the  lack  of  further  funds  and  unavoidable  difficulties  in  regard  to 
transportation  by  land  and  water,  much  work  that  might  have  l>een  carried  on 
had  to  be  abandoned  until  a  more  favorable  time.  However,  a  continuation  of 
work  in  this  field  is  promised  at  no  distant  date. 

With  this  preliminary  work  completed,  all  available  maps,  mine  plats,  collec- 
tions of  rocks,  fossils,  coal  samples,  etc.,  made,  the  party  was  disbanded  and  the 
geologist  embarked  on  the  U.  S.  C.  T.  Lal-Loc  the  afternoon  of  tlie  12th  of 
June  and  proceeded  to  Manila,  arriving  there  the  morning  of  the  15th. 

Work  is  now  being  done  on  the  preparation  of  the  geologist's  final  report, 
which  will  be  a  treatment  from  the  following  main  points  of  view,  according 
to  instructions  of  the  chief  of  this  bureau : 

1.  Field  work :  Purposes,  plans,  area  covered,  etc. 

2.  Geography :  Ix)cation,  area,  trails,  streams,  chief  towns,  important  barrios, 
water  transportation,  harbors,  etc. 

3.  General:  Climate,  vegetation,  timber,  population,  characteristics  of  peo- 
ple, etc. 

4.  Hydrography :  Streams,  water  supply,  drainage,  etc,  with  special  reference 
to  mining  operations. 

5.  Topography:  Features  of  country,  orography,  watersheds^  with  special 
reference  to  development  by  road,  railroad,  water  transportatl<m,  etc* ;  alUtudev 
slopes;  maps,  profiles,  and  sketches. 

6.  General  geology:  Igneous,  metamorphic,  and  stratified  areas;  volcanic 
activity  and  remains;  fossils,  distribution  of;  geological  structure,  folds,  finults, 
dikes,  etc.;  geological  horizons,  with  special  reference  to  coal  d^)osits;  maps, 
sketches,   sections. 

7.  Rocks:  Petrographlc  and  llthological  notes  and  data;  descriptions,  deter- 
minations of  rocks  and  discussions. 

8.  CJoal  deposits :  Occurrence,  relations,  thickness,  pitch,  quality,  etc. 

9.  Present  methods  of  mining  and  treatment:  With  sketches,  plans,  etc. 

10.  Other  nonmetalllc  mineral  resources:  Location,  extent,  relation  of  de- 
posits to  geological  environment,  analyses,  discussions. 

11.  Mines  and  claims :  Names  of  locators,  owners,  or  lessees ;  output,  plan  for 
development,  and  all  Important  phases  of  the  situation. 

12.  Summary:  Estimate  of  values;  assays  and  analyses,  and  discussions; 
suggestions  as  to  development;  discussions  of  labor,  transportation,  supplies, 
costs,  methods  of  mining  and  shipment    General. 

During  the  prosecution  of  the  field  work  nothing  more  than  the  physical 
features  of  the  country  impeded  the  work  and  not  a  day  was  lost  through 
sickness. 

Batan  Island  Is  doubtless  one  of  the  most  healthful  and  beautiful  spots  in 
these  Islands.  The  geologist  Is  very  much  encouraged  over  the  conditions 
affecting  mining  and  geological  work  in  the  archipelago,  conditions  which  are 
continually  being  exaggerated  and  misrepresented  by  parties  whose  examina- 
tions have  been  necessarily  superficial. 

Respectfully  submitted. 

W.  D.  Smith,  B.  S.,  M.  A., 

Mr,  H.  D.  McCaskey,  Qeologisty  Mining  BurtoM* 

Chief  of  the  Mining  Bureau^  Manila. 


ExHinrr  D. 

Keport  upon  the  Bulaoan  Iron  Industry,  by  Kanrlce  €k>odmaii,  S.  IL,  Field 

Assistant. 

Depabtment  of  the  Intebiob, 

Mining  Bureau, 
Manila,  September  i,  1905. 
Sib:  In  accordance  with  your  written  instructions,  dated  August  4,  1905,  I 
have  the  honor  to  submit  herewith  a  report  upon  the  present  condition  of  the 
iron  Industry  in  the  Angat  region,  statistical  information  regarding  cost  and 
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amonnt  of  inroductloxi  for  the  calendar  year  1904,  and  a  report  upon  the  probable 
opportunities  of  the  extension  of  the  iron  industry  in  the  Angat  district. 

The  report  is  based  upon  information  obtained  by  me  during  a  six  days*  visit 
to  the  district  I  left  Manila  on  the  morning  of  August  8,  arriving  at  Baliuag 
the  same  morning;  there  hired  a  carromata  and  drove  to  Angat,  arriving  there 
about  four  and  a  half  hours  after  leaving  Manila.  The  following  morning  I 
left  Angat  on  foot  and  reached  the  region  of  the  iron  mines  in  the  afternoon, 
after  about  four  and  a  half  hours  of  actual  traveling.  The  trail,  which  was 
almost  entirely  uphill  from  Angat,  was  muddy  and  in  rather  bad  condition 
owing  to  recent  heavy  rains.  The  two  following  days  were  occupied  in  visiting 
the  working  places  of  the  different  mines  and  in  obtaining  data  required,  both 
from  my  own  measurements  and  from  information  supplied  by  the  operators 
of  the  different  blast  furnaces. 

On  the  fifth  day  after  leaving  Manila,  I  returned  to  Angat  and  spent  the 
afternoon  of  this  and  the  morning  of  the  last  day  in  interviewing  the  owners 
of  the  iron  mines,  all  of  whom  live  in  Angat  All  of  them  allowed  me  to  look 
over  their  books,  but  in  nearly  every  instance  their  accounts  had  been  begun 
since  January  1,  1905  (prompted  thereto  by  the  enforcement  of  the  new 
lntemal-rev«iue  act),  and  were  therefore  of  little  value  to  me.  In  the  future, 
however,  these  books  will  be  of  material  assistance  in  securing  statistical 
information. 

At  the  time  of  my  visit  to  the  mines,  only  2  furnaces  were  in  actual  opera- 
tion. Of  these,  that  of  Ftancisco  Vergel  de  Dios,  on  the  Constancia  claim,  was 
blown  in  during  my  visit  to  his  camarin,  and  the  other,  that  of  Maria  Fernando, 
on  tiie  Hison  claim,  was  expected  to  be  nm  for  another  week  before  lack  of 
charcoal  caused  it  to  be  blown  out  Three  more  furnaces  in  the  district,  that 
of  Jos6  Ong  Sayco,  that  of  Mariano  Santiago,  and  that  of  Mariano  Suarez, 
although  not  working  at  the  present  time,  are  only  temporarily  Idle  for  lack  of 
labor,  fuel,  or  funds.  Altogether,  therefore,  the  Angat  iron  mines  support  at  the 
present  time  5  blast  furnaces,  working  intermittently  throughout  the  year. 

There  are  at  the  present  time  14  mining  claims  held  in  the  Angat  iron  region, 
4  of  which  are  concessions  granted  during  the  Spanish  regime,  and  the  remain- 
der are  claims  located  under  the  present  existing  mining  laws.  Only  2  claims 
are  worked  at  present  One  of  these  is  the  (Constancia  claim,  and  supplies 
ore  to  the  furnace  of  Francisco  Vergel  de  Dlos,  who  now  owns  both  claim  and 
furnace,  having  recently  inherited  both  from  Pedro  Otayco.  The  other  claim 
feeds  all  the  other  4  furnaces  when  they  are  in  operation.  Its  ownership  is 
disputed  by  Mariano  Santiago,  Mariano  Suarez,  and  Maria  Fernando.  At 
present  all  these  claimants,  as  well  as  Jos^  Ong  Sayco,  are  taking  ore  from 
the  same  river  bed,  each  claiming  it  to  be  within  his  or  her  concession.  Only 
Ong  Sayco  has  recognized  the  claim  of  Maria  Fernando,  and  Is  paying  her  a 
tribute  of  WO  annually  for  the  privilege  of  taking  ore  from  her  concession. 

Up  to  the  present  the  average  monthly  production  for  1905  Is  approximately 
19,150  pounds,  about  6i  per  cent  less  than  the  average  monthly  production  of 
last  year.  This  falling  off  is  due  to  the  closing  down  of  all  operations  during 
the  month  of  June,  caused  by  the  presence  and  fear  of  a  band  of  ladrones 
who  terrorized  the  district  for  a  short  period.  This  band  has  since  been  broken 
up,  and  the  furnaces  are  again  working  at  their  normal  rata 

The  cost  of  production  of  the  products  of  the  Angat  blast  furnaces  may  be 
divided  Into  the  following  Items:  Mining  (stripping,  transporting  to  Camarin) ; 
smelting  (charcoal,  labor,  repairs,  molds);  transportation;  taxation  (internal 
revenue,  territorial;  internal  revenue,  ad  valorem). 

MINING. 

To  keep  one  funace  constantly  supplied  with  ore,  it  is  necessary  to  employ  in 
stripping— 
•  Per  day. 

Six  men,  at  ^0.30  each n.80 

One  maestra .50 

Total 2. 30 

For  a  year  of  250  working  days,  «.30X250=W75. 

A  single  furnace,  turning  out  about  560  pounds  of  castings  per  day,  requires 
in  the  neighborhood  of  1,140  pounds  of  ore  and  about  1,500  pounds  of  charcoal 
during  the  same  period.   The  cost  of  the  transportation  of  the  ore  from  the  mine 
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to  the  Camarin,  a  distance  of  about  a  quarter  of  a  mile,  is  W.20  per  load, 
which  consists  of  a  split  bamboo  pole  carrying  2  baskets  loaded  with  hematite 
bowlders  weighing  about  130  pounds  per  load. 

For  a  year  of  250  working  days,  or  12  workings  of  the  furnace  for 
periods  of  20  to  21   days  each,   the  cost  of  the  transportation   would   be 

i^X250XW.20=1»438. 
130 

SMELTING. 

The  first  and  most  important  item  which  enters  into  the  cost  of  smelting  is 
the  cost  of  charcoal,  the  only  kind  of  fuel  employed  for  the  purpose  in  this 
district.  It  is  usually  manufactured  by  the  operators  themselves,  part  of  the 
labor  required,  however,  being  paid  for  by  contract.  The  approximate  cost  of 
production  of  a  stack  containing  about  144  cubic  meters  of  wood,  reducing  to 
about  115  cubic  meters,  or  2,553  bushels  of  charcoal  weighing  5,160  pounds,  Is  as 
follows : 

Cutting  about  3,000  logs,  various  sizes ^70.00 

Transporting  same  from  forest  to  Camarin 60.00 

Cutting  and  transporting  to  Camarin  small  sticks   (about  55  talac- 

sanes) 27.00 

Transporting  timber  from  Camarin  to  stack  and  building  up  of  same 

(per  contract) 58. 00 

Laborers  employed  during  combustion 28.00 

Uncovering  and  removing  charcoal  from  stack  after  combustion 25. 00 

Transporting  charcoal  from  stack  to  Camarin 26.00 

2d4.00 
Forestry  tax  (last  year  ft57.60) 46.80 

Total 340. 80 

Rate  per  ton  of  2,000  pounds 13.35 

About  8  such  stacks  of  charcoal  will  be  required  yearly  for  a  furnace 
working  250  days,  making  the  total  cost  of  charcoal  per  year 2,726.40 

Daily  cost  of  labor, 

2  maestros,  at  ^0.75  each  (this  Includes  cost  of  subsistence) W.  50 

1  molder  (this  Includes  cost  of  subsistence) .58 

4  blowers,  at  P0.50  each 2,00 

10  ore  breakers,  at  W.25  each 2.  50 

Total 6.  58 

For  250  working  days 1,645.00 

Cost  of  clay  molds  (left  In  plow  points) 75.00 

TAXATION. 

Other  than  the  forestry  tax  paid  for  cutting  the  timber  used  In  making 
charcoal,  mine  owners  and  oi)erators  also  pay  two  kinds  of  Internal-revenue  tax, 
namely,  a  territorial  tax  on  mineral  concessions  and  an  ad  valorem  tax  on  the 
metal  product.  The  first  of  these  Is  at  the  rate  of  PlOO  per  60,000  square  meters, 
and  the  second  Is  3  per  cent  of  the  market  value  of  the  product  The  internal- 
revenue  tax  went  into  efltect  January  1  of  this  year,  and  supplanted  the  old 
Industrial  tax,  which  operators  formerly  paid,  of  TOO  for  each  blast  furnace. 
It  Is  perhaps  too  early  to  mark  the  effect.  If  there  be  any,  of  this  new  tax  on 
the  Industry.  I  know  of  only  one  who  had,  up  to  the  time  of  my  visit  to 
Angat,  paid  the  territorial  tax,  in  spite  of  the  fact  that  the  law  states  that 
the  tax  shall  be  paid  yearly  In  advance,  and  that  any  concessionaire  who 
fails  to  pay  the  tax  shall  forfeit  his  right  to  the  mining  concession  (Art  XV,  Act 
No.  1180,  r.  S.  Philippine  Commission). 

None  of  the  owners  complained  of  or  criticised  the  imposition  of  this  new  tax, 
though  they  would,  of  course,  all  have  been  better  contented  with  the  former  sched- 
ule. Marfa  Fernando,  the  only  operator  who  up  to  the  time  of  my  visit  to  Angat 
had  paid  the  territorial  tax,  did  complain,  however,  that  she  had  been  given  to 
understand  that  when  the  new  internal -revenue  tax  went  into  effect  she  would 
be  allowed  to  cut  timl>er  on  her  concession  for  the  purpose  of  charcoal  making 
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free  from  taxation.  Up  to  the  present,  however,  though  she  had  paid  the 
territorial  tax,  which  amounted  to  W86.33  in  her  case,  she  had  to  continue  to 
pay  the  forestry  tax  as  before.  She  said  that  she  did  not  so  much  object  to 
the  cost  of  the  forestry  tax  as  to  the  trouble,  delay,  and  annoyance  which  the 
collection  of  it  involved.  This,  she  admitted,  had  greatly  ameliorated  since  the 
appointment  of  the  present  montero  of  Angat.  She  has  since  applied  for  a 
gratuitous  license  under  section  17  of  the  forestry  act,  by  the  provisions  of 
which  she  is  seemingly  entitled  to  exemption  from  the  forestry  tax. 

With  respect  to  the  3  per  cent  ad  valorem  tax,  but  one  operator  so  far  has  paid 
it,  although  again,  Article  XV  of  Act  No.  1189,  United  States  Philippine  Com- 
mission, distinctly  specifies  that  the  ad  valorem  tax  shall  be  paid  before  ^ny  of 
the  products  of  the  mine  may  be  removed.  This  operator  has  recently  written 
to  the  collector  of  Internal  revenue  asking  for  his  opinion  on  the  question  of 
whether  or  not  the  operators  of  the  Angat  iron  region  are  exempt  from  the  payment 
of  all  internal-revenue  taxes.  Their  claim  thereto  is  based  on  section  60  of  the 
act  of  Ongress  of  July  1,  1902,  In  connection  with  articles  1  and  2  of  the 
Spanish  Royal  decree  of  November  21,  1895.  This  decree  (abstract  of  the 
mining  laws  in  force  in  the  Philippine  Archipelago,  compiled  by  Charles  H. 
Burrltt,  p.  95)  extends  the  period  of  exemption  from  annual  fees  enjoyed  by 
Iron  and  coal  mines  and  postponed  the  impost  of  the  3  per  cent  ad  valorem  tax 
until  1917.  Section  60  of  the  act  of  Congress  reads :  "  That  nothing  in  this  act 
shall  be  construed  to  affect  the  rights  of  any  person,  partnership,  or  corporation 
having  a  valid,  perfected  mining  concession  granted  prior  to  April  11,  1899,  but 
all  such  concessions  shall  be  conducted  under  the  provisions  of  the  law  in  force 
at  the  time  they  were  granted,  subject  at  all  times  to  concellatlon  by  reason  of 
Illegality,  etc"  Whether  or  not  the  exemption  by  Royal  decree  extended  until 
1917  may  be  considered  a  right  of  the  concessionaires  is  a  question  to  be  decided. 
This  is  a  matter  of  considerable  Importance  to  the  future  Iron  and  coal  In- 
dustries of  the  Philippine  Islands  and  should  be  definitely  settled.  Up  to  the 
present  It  is  believed  the  collector  of  Internal  revenue  has  not  expressed  his 
opinion  on  the  question,  It  having  been  referred  to  him  but  a  few  days  ago  by 
one  of  the  operators  of  Angat. 

TBANSPOBTATION. 

One  of  the  most  Important  factors  entering  Into  the  cost  of  production  Is  the 
cost  of  transportation  of  the  Iron  plowshares  and  points  from  the  mines  to 
Manila.  Three  modes  of  transportation  are  required,  beginning  with  the 
cargador  from  the  smelter  to  Angat,  a  distance  of  about  15  miles ;  then  by  bull 
carts  to  Balluag,  a  distance  of  about  12  miles ;  and  finally  by  railroad  to  Manila. 
The  first  stage  is  naturally  the  most  expensive,  and  costs  at  the  rate  of  P0.80 
(formerly  Tl)  per  10  pairs  of  points  and  shares  of  whatever  size,  averaging 
about  7.9  pounds  per  pair.  From  Angat  to  Balluag  by  bull  cart  the  rate  is 
K.50  a  hundred  pairs,  averaging  6.8  pounds  per  pair,  the  reduced  average 
weight  being  due  to  the  fact  that  now  a  single  large  share  Is  considered  as 
equivalent  to  a  pair  of  smaller 'ones  or  to  a  pair  of  points.  During  the  dry 
season  the  Iron  Is  sometimes  sent  to  Balluag  by  banca  at  the  rate  of  ^2  per  100 
pairs,  averaging  6.8  pounds  per  pair.  This  method  of  transportation,  however. 
Is  not  as  reliable,  being  possible  only  during  short  periods  of  the  year,  and  there- 
fore is  not  much  used.  By  rail  from  Baliuag  to  Manila  costs  W.50  per  100 
pairs,  averaging  6.8  pounds,  and  from  the  railroad  station  to  the  dealers  In 
Manila  costs  about  'F0.65  for  the  same  load. 

COST   OF  TBANSPOBTATION. 


Pounds. 


Cost. 


PerlOO 
poands. 


FTom  smelters  to  Angat. 
From  Anfrat  to  BaUuae.. 
From  BalluaK  to  Manila. 
From  station  to  dealer. . . 


79 
680 
680 
680 


Ptxao 

2.50 
L50 
.09 


rL018 
.368 
.231 
.090 


Total  cost  per  100  pomids. . 


1.098 


But  few  supplies  are  sent  from  Angat  to  the  smelters  in  the  mountains.    The 
most  Important  of  these  Is  rice  for  the  subsistence  of  those  laborers  part  of 
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whose  wages  are  paid  in  this  commodity.  The  present  cost  at  Anjsat  per  cavaa 
(about  2|  bushels,  weighing  about  125  pounds)  is  MJM),  and  the  cost  of  traqs- 
porting  the  same  to  the  mines  is  n.25. 

The  following  table  gives  an  idea  of  the  r^ative  average  cost  p^  year  of 
producing  and  marlceting  about  20,000  pairs  of  plowshares  and  points,  wei^iing 
approximately  140,000  pounds,  in  a  typical  blast  furnace  in  the  Angat  regioo, 
worldng  250  days: 


Transportation  of  ore  to  furnace 

Charcoal 

Smelting  and  molds 

Transportation  to  Manila. 

Internal-revenue  tax  on  1  pertenencia 

Intemal-reyenae  tax  3  per  cent  ad  valorem 

Incidentals,  10  per  cent 

Total 


Per  year. 


Pff7&00 

438.00 

2,7aft.40 

i,7aaoo 

2,377.a0 
26a  00 
S33.M 


8,«IOil4 
M2.01 


9,362.15 


Per  100 
pounds. 


ra411 
.313 
LM7 
1.220 
LOSS 
.17V 
.238 


.001 


6.616 


PerjDot 
ton. 


W.21 
7.01 
43.61 
27.53 
88.04 
4.01 
5.  S3 


13.46 


14&20 


Pereeat. 


C3 

4.7 
29.4 

Xl7 
2.7 


9.1 


loao 


The  market  value  of  the  product  is  assessed  at  the  rate  of  ^54  per  100  pairs 
of  points  or  shares. 

Market  value  of  product M^l.  124.00 

Total  cost 9, 262. 15 

Profit 1,8(J1.85 

PRODUCTION    FOR  CALENDAR   YEAR   1904. 


Operator. 


Value  of 
product. 


Maria  Fernando 

Francisco  V.  de  Dios. 

Mariano  Suarez 

Mariano  Santiago 

OngSayco 


Total. 


^'12,288.50 
3, 96a  53 
2,737.80 
1,243.31 


The  above  figures  are  close  cHtimates  Imsed  chiefly  upon  the  records  of  the 
montero  of  the  district,  and  such  other  reliable  data  as  was  obtainable  from 
the  proprietors.  Only  one  of  the  operators  kept  a  book  giving  full  and  detailed 
Items  of  Income  and  expenditure.  Such  estimates  as  the  proprietors  were 
willing  to  give  were,  it  was  suspected,  mostly  incorrect,  and  therefore  not 
utilized.  For  example,  one  of  the  biggest  operators  in  the  district,  in  answer  to 
Inquiries  as  to  his  output,  produced  a  copy  of  his  declaration  to  the  provincial 
treasurer  of  Bulacan,  in  which  he  states  that  between  July  4,  1901,  and  the  «id 
of  December,  1904,  he  produced  in  all  about  6,000  pairs  of  shares  and  points. 
Yet  from  the  amount  of  charcoal  burned  by  him  last  year  it  was  estimated  that 
his  output  last  year  alone  was  nearly  equal  to  the  output  declared  by  him  for 
the  two  and  a  half  years,  and  his  own  records,  which  he  has  been  required  to 
keep  since  the  introduction  of  the  internal -revenue  law,  showed  that  during  the 
first  six  months  of  this  year  he  had  already  produced  and  sold  2,300  pairs. 

The  value  of  the  output  varies  considerably  with  the  time  and  place  where 
the  iron  is  sold.  Some  of  the  operators  draw  their  money  in  advance,  or 
practically  borrow  a  sum  of  money  from  the  dealers  in  iron,  and  then  repay  in 
stock,  for  which  they  naturally  obtain  a  much  lower  figure  than  if  sold  directly. 
This  accounts  for  the  large  discrepancy  In  the  value  of  the  output  of  tJie  dif- 
ferent oi>erators. 
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EXTENSION  OF  INDUSTBY. 

The  probable  opportunities  for  the  extension  of  the  iron  industry  in  the  Angat 
region  are  very  tlifflcult  to  determine  at  present,  owing  to  the  fact  that  much 
Important  data,  which  are  necessary  for  a  full  and  complete  discussion  of  the 
subject,  are  lacking.  For  example,  although  nearly  all  the  known  outcrops 
of  iron  ore  in  this  district  were  visited,  the  information  derived  thereby  is 
Insufficient  to  offer  even  a  suggestion  as  to  the  available  ore  supply.  The  out- 
crops observed  were  anywhere  from  a  quarter  to  two  miles  apart,  and  were  all 
so  massive  and  hard  that  the  native  miners,  using  nothing  but  picks,  hammers, 
and  bars,  were  unable  to  work  them.  Their  ore  supply  is  derived  entirely  from 
bowlders,  which  have  been  worn  and  broken  from  the  outcrops,  and  which  the 
miners  to-day  simply  dig  out  of  the  creek  bottoms,  break  into  convenient  sizes, 
hand-sort,  and  send  to  the  furnaces  above.  No  development  work  having  been 
done  upon  the  seams  themselves,  the  average  depth,  strike,  thickness,  and 
general  character  of  the  deposit  or  deposits  being  therefore  undetermined,  it 
Is  impossible  to  give  any  figures  whatever  regarding  the  amount  and  value 
of  the  available  ore  supply. 

The  question  of  ore  supply  has  never  troubled  the  local  operators  for  the 
reason  that  the  cost  of  erection  of  one  of  their  furnaces  is  extremely  small,  their 
output  also  very  small,  and  their  faith  sufficiently  large  to  trust  that  the  creeks 
which  have  been  supplying  them  and  their  ancestors  with  ore  for  nearly  a 
hundred  years  will  continue  to  do  so  at  least  during  the  life  of  their  furnace. 
A  comparatively  large  blast  furnace,  such  as  the  hypothetical  10-ton  furnace 
you  suggested  in  your  letter  of  instructions,  would  consume  per  year  nearly 
thirty  times  as  much  ore  as  did  all  the  furnaces  together  during  1904,  and  its 
cost  for  fire  brick  and  erection  alone  would  be  more  than  three  times  the  cost 
of  any  furnace  (excluding  the  Camarin)  in  operation  in  the  Angat  region 
to-day.  I  would,  therefore,  suggest  that  before  going  to  the  expense  of  the 
erection  of  a  large  blast  furnace  in  the  region,  it  would  be  highly  advisable  to 
institute  a  system  of  exploration  which  would  afford  as  much  and  as  definite 
information  as  possible  regarding  the  extent,  character,  and  value  of  the  de- 
posita  This  need  not  necessarily  be  an  expensive  undertaking,  for  the  pros- 
pecting may  be  done  either  by  the  diamond  drill  or  by  sinking  and  drifting 
in  the  seam  itself.  While  the  former  method  may  be  much  the  quicker,  the 
latter  would  yield  fuller  and  more  detailed  information  than  could  be  derived 
in  any  other  manner,  while  at  the  same  time  the  ore  taken  out  in  drifting 
would  pay  the  expenses  of  the  exploratory  work. 

Assuming  the  information  derived  from  such  exploratory  work  to  be  satis- 
ftictory,  the  plant,  no  doubt,  would  be  erected  close  to  the  mines,  thereby  saving, 
to  a  large  extent,  the  cost  of  transportation  of  the  ore,  as  well  as  of  the  fuel, 
which  is  abundant  in  the  neighborhood.  Its  exact  location  would  depend 
largely  upon  the  result  of  the  exploratory  work,  on  the  topography,  and  on 
the  method  of  mining  decided  upon.  If  it  is  proved,  as  seems  probable,  that 
the  main  deposit  lies  in  Mount  Maon,  and  if  it  is  decided  to  open  the  mine 
either  by  vertical  shaft  from  above  or  by  tunnel  l>elow,  a  good  location  for 
the  plant  could  be  found  on  the  hill  above  the  Hison  outcrop.  Here  plenty  of 
water  and  abundance  of  timber  is  available  at  present,  the  main  trail  from 
Angat  could  be  easily  extended  to  the  plant,  and  there  is  sufficient  drop  and 
space  for  a  slag  dump. 

,  In  accordance  with  your  suggestion,  I  submit,  in  connection  with  this  report, 
a  design  of  an  improved  blast  furnace  which  may  be  erected  in  the  iron  regions 
of  Bulacan  at  a  very  reasonable  figure.  Its  capacity  to  be  about  10  long  tons 
per  twenty-four  hours.  It  is  designed  with  an  eye  chiefly  to  simplicity  of 
constructiim,  and,  bearing  in  mind  the  difficulties  of  transportation,  as  little 
foreign  material  and  appliances  as  practicable  are  introduced.  It  is  circular 
In  plan,  the  diameter  at  the  crucible  being  4  feet,  at  the  boshes  8  feet,  and  at 
the  throat  5  feet.  Height,  from  the  bottom  of  the  crucible  to  the  throat,  31 
feet  It  is  designed  to  be  charged  by  hand,  the  charge  consisting  of  ore,  lime- 
stone flux,  and  charcoal.  The  hot  gases  escaping  from  the  furnace  are  to  be 
allowed  to  run  to  waste  through  a  chimney  9  feet  high  built  over  the  throat. 
A  cold  blast  Introduced  through  three  tuyeres  is  to  be  used.  Further  details 
may  be  seen  in  the  accompanying  design. 

The  design  would  unquestionably  be  greatly  improved  if  provisions  were 
made  for  water  cooling  at  the  boshes,  tap  holes,  and  tuyeres.  As  it  Is,  the 
most  vulnerable  parts  of  the  furnace  will  probably  have  to  be  replaced  and 
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repaired  much  oftener  than  they  otherwise  would.    Labor  and  material,  how- 
ever, being  inexpensive,  unless  it  becomes  necessary  to  blow  out  the  furnace, 
the  annual  cost  of  repairs  will  not  be  very  large. 
An  approximate  cost  of  material  and  erection  of  the  furnace  would  be : 

Foundation 91, 100 

Shaft 1,850 

CJolumns 200 

T-bars,  bands,  and  doors 560 

Air  pipes  and  tuyeres 75 

Miscellaneous 300 

Total 4,085 

The  following  table  is  the  result  of  inquiries  of  the  local  dealers  and  con- 
sumers regarding  the  amount,  quality,  and  value  of  the  pig  iron  which  was 
imported  into  the  Philippines  during  the  fiscal  year  1905 : 

FOUNDBIES   AND  DEALERS. 


Grade. 

Long 
tons. 

Value  In  pesos 
T)er  long  ton 
inManUa. 

No.l 

275 
235 

50. 00  to  55. 00 

No.  3 

4&  00  to  53. 00 

UNITED    STATES    NAVY. 


No.  1 

50.2 
225.0 
250.0 
236.8 

34. 00  to  37. 40 

No.  2 

29. 40  to  36^  40 

No.  3 

28. 40  to  36. 50 

Assorted 

2&  00  to  55. 00 

The  total  value  of  the  761  tons  of  pig  iron  imported  by  tbe  United  States  Navy 
during  the  fiscal  year  1905  was  ?2,739.60,  making  an  average  of  W1.60  per  long 
ton.  This  figure  does  not  include  the  cost  of  freight,  lighterage,  nor  customs 
duties. 

From  the  foundrymen  interviewed  it  was  learned  that  the  importations  during 
the  last  two  or  three  years  have  fallen  off  fully  50  per  cent  of  what  they  had 
been  for  the  three  years  previous  to  1901.  This  is  probably  but  the  natural 
reaction  following  upon  a  period  of  unusual  business  activity,  stimulated  by  and 
attendant  upon  the  presence  of  large  military  and  naval  forces  in  the  islands 
during  the  years  1898  to  1901.  Those  who  have  been  in  the  islands  previous  to 
1898  admit  that  the  conditions  of  the  iron  trade  are  better  to-day  than  they  had 
been  previous  to  American  occupation.  However,  many  complain  that  unless 
a  piece  of  work  is  urgently  needed  the  order  is  usually  sent  to  Hongkong  or 
Shanghai,  where  labor,  supplies,  and  other  expenses  are  cheaper,  thus  enabling 
the  foreign  foundries  to  underbid  the  local  ones. 

A  piece  of  cast-iron  broken  from  one  of  the  plowshares  made  at  Angat  was 
shown  to  several  foundrymen,  and  they,  without  exception,  considered  it  a  good 
workable  cast-iron  and  believed  that  if  it  could  be  brought  to  Manila  in  pigs 
at  a  price  equal  to  what  they  were  paying  for  the  imported  kind  it  would  have 
a  ready  market,  though  perhaps  a  small  one,  owing  to  the  small  demand.  How- 
ever, in  view  of  the  figures  obtained  from  the  third  special  report  of  the 
collector  of  customs  for  the  Philippine  Islands,  which  show  that  over  W,800,000 
worth  of  steel,  wrought  iron,  and  cast-iron,  and  articles  manufactured  from 
these  metals,  were  imported  during  the  fiscal  year  1904,  it  would  not  seem  im- 
probable that  if  a  dependable  supply  of  pig  iron  of  a  good  grade  were  available 
in  the  Philippine  Islands  an  increased  demand  for  the  same  might  be  created. 

To  give  any  figures  as  to  what  the  probable  interest  on  the  investment  would 
be  is  a  difficult  matter,  in  view  of  the  many  unknown  quantities  which  are 
essential  to  even  an  approximate  solution  of  the  problem.  For  instance,  it  is 
at  least  necessary  to  know  what  the  character  and  the  market  valce  of  the 
product  is  to  be. 
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It  has  been  shown  that  under  existing  conditions  a  furnace  operating  250 
days  in  the  year  and  turning  out  about  a  quarter  of  a  ton  of  iron  per  day,  cast 
Into  shapes  of  plowshares  and  points,  would  nialce  a  net  profit  of  about  W.,861^ 
on  a  total  cost  of  ?0,262.15  for  production,  or  about  20  i)er  cent  profit  But 
a  large  furnace,  turning  out  al>out  10  tons  of  metal  ijer  day,  if  cast  into  plow- 
shares and  i>oint8  alone,  would  in  a  very  short  time  flood  the  marliet  and  find 
the  sale  of  its  product  impossible.  To  produce  pig  iron  alone — a  product  which 
could  be  more  readily  disposed  of  in  Manila — would  cost  practically  as  much 
per  ton  as  it  does  to  produce  plowshares.  But  while  the  latter  can  be  sold 
in  Manila  at  the  rate  of  about  M83.80  per  long  ton,  it  would  be  difficult  to 
dispose  of  pig  Iron  at  more  than  ^55  per  long  ton. 

The  cost  of  production  and  marlceting  under  present  conditions  is  about 
M.48.20  per  long  ton.  Of  this,  the  cost  of  charcoal  alone,  which  is  consumed 
at  the  not  too  excessive  proportion  of  about  2,8  tons  per  ton  of  iron,  is  W3.61 
per  ton  of  iron  produced,  and  t^P  cost  of  transportation  from  the  smelter  to 
Manila  is  ?38.04  i)er  ton.  These  two  items  alone  amount  to  ^26  in  excess  of 
the  selling  price  of  pig  iron  in  Manila.  It  is  undoubtedly  true  that  the  cost 
of  transportation  could  be  very  largely  diminished  by  the  construction  of 
either  a  wagon  road  or  some  mechanical  means  of  transportation,  such  as 
wire  rope  overhead  tramway,  between  the  smelters  and  Angat.  In  fact,  an 
improved  mode  of  transix)rtation  would  be  absolutely  necessary  to  a  new 
IQ-ton  furnace,  for  even  now,  although  the  combined  product  of  all  the  furnaces 
is  but  one-thirtieth  of  the  proposed  output  from  the  projected  furnace,  opera- 
tors frequently  find  considerable  difficulty,  especially  during  the  planting 
season,  to  obtain  sufficient  cargadores  and  laborers. 

The  smallest  practical  rope  tramway  which  could  be  constructed  would  cost 
in  the  neighborhood  of  ?35,000,  and  would  have  a  normal  capacity  of  about 
50  tons  per  day.  It  would  reduce  the  cost  of  transportation  from  the  smelters 
to  Angat  from  ^22.70,  the  present  cargador  rate,  to  about  W  per  long  ton.  On 
a  wagon  road  for  the  same  distance  the  cost  of  transportation  would  be  about 
^10  per  long  ton,  and  the  construction  of  such  a  road  would  cost  in  the  neigh- 
borhood of  ^^20,000.  As  stated  before,  some  improved  method  of  transportation 
would  be  absolutely  essential,  not  only  on  account  of  increased  economy, 
which,  however,  would  be  ample  reason  in  itself,  but  also  because  it  would 
be  impossible  to  obtain  sufficient  cargadores  to  transport  the  product  as  It  is 
done  to-day. 

It  is  evident  that,  even  after  deducting  whatever  economies  might  be  ef- 
fected in  the  cost  of  transportation,  the  total  cost  of  production  and  marketing 
would  still  remain  largely  In  excess  of  the  selling  price  of  pig  iron  in  Manila, 
and  that  to  build  up  an  Industry  for  the  manufacture  of  pig  Iron  in  the  Angat 
region  must  prove  an  unprofitable  undertaking.  But  I  believe  that  a  profitable 
foundry  practice  could  be  built  up  to  manufacture  special  castings  as  well  as 
regular  shapes,  such  as  cast-iron  pipes  and  fittings.  Special  castings  of  simple 
design  cost  ^0.15  per  pound  in  Manila,  and  ordinary  cast-iron  pipes  cost  about 
ft).ll  per  pound,  while  the  plowshares  and  points  which  are  brought  down 
from  Angat  sell  for  only  a  little  over  ?0.079  per  pound,  and  cost  to  produce 
and  to  market  only  W.066.  In  addition  to  this,  as  produced  at  present  from 
high-grade  ore,  in  small  charcoal  cold-blast  furnaces,  the  resulting  iron  is  of 
a  high  grade  and  freer  than  the  Imported  stock  of  those  detrimental  elements 
which  tend  to  reduce  the  value  of  cast  iron.  An  Important  advantage  pos- 
sessed by  the  Angat  operators  Is  the  fact  that,  owing  to  the  unusual  purity 
of  the  product  of  their  furnaces,  they  are  able  to  cast  directly  from  the  molten 
metal  obtained  from  the  blast  furnace  without  having  to  go  through  the  costly 
intermediate  process  of  remeltlng  In  a  cupola. 

Unfortunately,  It  Is  imiwsslble  to  determine  from  the  custom-house  reports 
what  portion  of  the  iron  products  Imported  are  of  cast  Iron  and  of  such  shai)es 
as  to  be  readily  manufactured  in  the  islands.  But  it  seems  quite  probable 
that,  although  under  present  conditions  the  establishment  of  a  profitable  in- 
dustry for  the  manufacture  of  pig  Iron  would  be  impossible  In  Angat,  with  an 
annual  importation  of  nearly  ?5,000,000  of  iron  and  steel  products  a  profitable, 
even  if  small,  foundry  business  could  easily  be  built  up. 

Respectfully  submitted. 

Maurice  Goodman,  B.  M., 
Field  Aaaistantt  Mining  Bureau. 

Mr.  H.  D.  McCaskey, 

Chief  of  the  Mining  Bureau^  Manila, 
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Exhibit  E. 
B«port  upon  Building  Stone  near  Manila,  by  H.  M.  lokis,  E.  M.,  Field  Astittant. 

Mining  Bubeau,  Manila,  March  20,  1906, 
Sib:  In  compliance  with  instructions  from  you  under  date  of  January  31, 
1905,  I  have  the  honor  to  submit  the  following  re|)ort  with  respect  to  my  recent 
field  work  In  the  provinces  of  Laguna  and  Rizal : 

The  object  of  this  trip  is  outlined  In  the  above  instructions  and  was  **to 
ascertain  whether  or  not  there  is  a  stone  within  the  region  outlined  of  suffi- 
cient quantity,  of  fair  quality,  and  of  favorable  location  with  respect  to  quarry 
tfltes  and  transportation  for  the  establishment  of  quarries  to  be  worked  by 
convict  labor"  and  to  make  geologic  notes  of  general  interest. 

ITINEBABY. 

I  left  Manila  on  the  launch  Mabait  of  the  Yanco  Line  at  7  a.  m.  on  February 
2,  and  arrived  in  Los  Baflos  six  hours  later.  After  presenting  my  letter  of 
introduction  to  First  Lieutenant  Thomas,  First  Cavalry,  U.  S.  Army,  In  charge 
of  the  rock-crushing  plant  and  road  work  at  Los  Bafios,  I  visited,  in  turn,  the 
quarry  and  rock-crushing  mill,  the  Dampalit  River  as  far  as  the  first  falls, 
the  cuts  in  the  road  to  Calamba,  and  the  clay  beds  of  Paja  arroyo  on  the 
south  side  and  the  low  hills  on  the  east  side  of  Mount  Maqulling. 

From  Ix)S  Bafios  transportation  was  by  boat  to  Santa  Cruz,  which  was  used 
as  a  base  while  investigating  the  region  near  that  arm  of  the  lake.  You  Joined 
me  at  Santa  Cruz  on  the  evening  of  February  7,  and  during  the  two  following 
days  a  journey  was  made  to  the  beautiful  Pagsanjan  Canyon,  then  by  way  of 
Cavinti  and  Luisiana  to  Botocan  F'alls,  returning  by  way  of  Majayjay  and 
Magdalena. 

It  was  found  necessary  to  spend  one  night  in  Paete.  Paquil,  Pangil,  and 
Siniloan  were  then  seen,  and  on  February  11  return  was  made  to  Santa  Cruz 
by  banca,  touching  at  Mataqulo. 

Transportation  from  Santa  Cruz  to  Jala  Jala  was  by  banca  via  Bagombong. 
One  day  was  spent  among  the  hills  east  of  Jalajala,  and  on  February  14,  I  took 
a  banca  for  Tanay,  following  closely  along  the  shore. 

After  a  tramp  over  the  hills  near  Tanay  a  banca  was  taken  to  Morong, 
where  I  obtained  another  banca  to  Subay,  Tallm  Island. 

In  company  with  Mr.  Ilaygood,  the  engineer  in  charge  of  the  city  quarry  at 
Subay,  I  circumnavigated  Tallm  Island  by  banca  on  February  16,  and  on  the 
17th  the  launch  Comandantc  was  boarded  for  Binangonan. 

After  inspecting  the  rock  exixjsures  along  the  lake  shore,  the  site  of  the 
old  quarry  of  the  city  of  Manila,  and  the  limestone  on  the  road  to  Antipole, 
return  was  made  to  Manila  on  the  Comandantc  on  February  19. 


The  quarry  at  Los  Bafios,  from  which  Lieutenant  Thomas  obtains  rock  for 
the  roads  under  his  supervision  and  for  shipment  to  Fort  McKlnley,  Is  situated 
on  the  east  wall  of  Dalampit  Canyon,  about  half  a  mile  southwest  of  the  Los 
Bafios  pier. 

The  working  face  Is  200  feet  long  and  nearly  100  feet  high.  Its  length  can 
easily  be  increased,  and  it  will  soon  be  200  feet  high,  provided  the  present  base 
level  is  adhered  to.  A  streak  of  soft  ashy  rock  about  50  feet  wide  divides  the 
present  face  into  two  equal  areas. 

The  rock,  a  feldspar  porphyry  (f.  n.),  quarried  Is  vesicular,  Is  not  uniform 
in  composition,  and  has  no  regular  parting  planes.  In  some  parts  of  the  quarry 
the  rock  has  a  distinctly  banded  structure,  as  shown  in  sample  No.  1. 

The  rock  is  broken  down  first  by  large  blasts,  and  then  further  broken  by 
plaster  blasts,  and  finally  reduced  to  crusher  size  (7  inches  or  less)  by  hand 
sledges.  The  crushing  plant  Is  located  on  the  low  river  bottom  land  about  200 
yards  northwest  of  the  quarry.  It  consists  of  a  No.  3  Gates  gyratory  crusher, 
a  revolving  screen,  and  the  necessary  engine,  boiler  feeding  and  shoveling 
platforms.  The  capacity  of  the  crusher  with  this  rock  is  90  tons  to  2i-inch 
slae  per  day  of  nine  hours.  The  screen  separates  out  fines  for  surfacing  the 
roads,  besides  the  regular  2i-lnch  road  metal.  Transportation  of  the  rock  to 
and  from  the  mill  is  by  four-wheeled  wagons,  with  American  horses  and 
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drivers.  Rock  for  Fort  McKinley  is  hauled  to  the  pier  and  dumped  directly 
into  scows.  More  than  800  native  laborers  are  employed  on  the  road  work  and 
in  the  mill.  They  are  paid  50  cents  per  day  (Pliilippines  currency),  while  the 
Filipino  foremen  receive  1  peso.  A  large  proportion  of  the  lal)orers  come  from 
Batangas. 

The  Dampalit  Falls  are  approximately  three-fourths  of  a  mile  from  the 
mouth  of  the  river  of  the  same  name,  and  nearly  a  mile  southwest  of  Los 
Bafios.  At  the  falls,  which  are  betwe^i  60  and  70  feet  high,  the  river  flows 
in  the  direction  north  ao""  west,  but  its  general  direction  is  nearly  due  north. 
Trees  of  considerable  size  and  a  tangle  of  undergrowth  cover  the  sloping  sides 
of  the  canyon,  which  are  necessarily  much  higher  than  the  waterfall. 

The  rock  at  the  falls  closely  resembles  that  found  at  the  quarry  near  the 
mouth  of  the  canyon.  It  is  very  irregular  in  appearance  and  composition,  but 
all  consists  of  a  dark-brown  mass  with  light-colored  phenocrysts  of  feldspar, 
and  would  be  called  a  "  f eldspar-melaphyre "  (f.  n.).  It  breaks  in  irregular 
shapes  and  much  of  it  is  vesicular,  while  it  lacks  nearly  all  the  qualities  of  a 
good  building  stone  (samples  Nos.  2  and  3). 

There  is  a  30-foot  cut  about  a  mile  from  Los  Bafios  on  the  road  to  Calamba 
which  Lieutenant  Thomas  is  constructing  where  the  road  cuts  through  a  spur 
of  Mount  Maquiling.  The  top  of  the  ridge  in  which  the  cut  is  situated  consists 
of  volcanic  tuff,  but  the  lower  20  feet  is  mainly  composed  of  a  harder  volcanic 
rock  intermixed  in  its  upper  portion  with  the  softer  tuff.  This  rock,  a  feldspar- 
melaphyre  (f.  n.),  breaks  out  in  small  irregular  bowlders.  It  makes  a  fairly 
good  road  metal,  but  is  not  a  dimensional  stone.  Specimen  No.  4  is  a  sample 
of  the  rock. 

In  the  Paja  arroyo,  al)out  3  miles  west  of  Los  Bafios  and  li  miles  from  the 
lake,  occurs  a  deposit  of  white  clay,  which  at  present  is  being  mined,  sacked, 
and  carried  on  the  backs  of  natives  to  the  Los  Bafios  road ;  thence  it  is  carted 
to  Los  Bafios  and  shipped  to  Manila. 

The  arroyo  is  quite  heavily  wooded  with  hard- wood  trees  of  large  sizes,  and 
no  clearing  has  been  done. 

The  method  of  working  Is  to  sink  pits  about  3  feet  square  and  10  feet  deep 
and  then  to  run  out  low  drifts  into  the  best  clay.  At  the  time  of  my  visit  there 
were  two  groups  of  these  pits,  one  on  each  side  of  the  arroyo  and  about  400 
feet  apart.  Each  group  consisted  of  three  pits  about  10  feet  deep  with  drifts 
at  the  bottom  from  4  to  8  feet  long. 

All  of  the  clay  contained  brown  iron-stained  streaks,  but  below  the  first  2  feet 
the  percentage  of  iron-stained  material  Is  very  small.  For  a  d^th  of  2  feet 
the  clay  contains  some  organic  matter  besides  a  considerable  percentage  of 
irtm,  and  is  very  plastic.  The  firm  white  clay  below  varies  greatly  as  regards 
plasticity.  Most  of  the  material  exposed  in  the  various  holes  possesses  this 
valuable  quality  to  a  limited  extent  only,  but  one  pit  on  the  west  side  of  the 
arroyo  furnishes  a  pure  white  clay,  highly  prized  by  the  workmen,  which  Is 
much  more  plastic.  Sample  No.  6,  taken  from  the  largest  pit  on  the  east  side 
of  the  arroyo,  represents  the  first  class,  while  No.  7  is  a  sample  of  the  more 
plastic  clay. 

It  was  impossible  for  me  to  determine  the  extent  of  this  bed  of  clay,  owing 
partly  to  the  limited  time  at  my  disposal  and  partly  to  want  of  exposures  or 
extensive  development  work,  but  from  surface  indications  the  deposit  seems  to 
be  large.  No  stratification  was  apparent,  and  below  the  first  2  feet  there  was 
no  change  in  the  character  of  the  clay  except  in  the  plastic  clay  in  one  of  the 
western  pits,  as  noted  above.  The  clay  is  used  to  calk  bancas  and  also  as  a 
paint  or  whitewash. 

The  trail  from  the  mouth  of  the  arroyo  to  within  a  short  distance  of  the 
-workings  passes  over  volcanic  tuff,  which  has  been  worn  away  in  places  to  a 
depth  of  6  feet.  The  elevation  of  the  deposit  above  the  level  of  the  lake  was 
estimated  to  be  between  700  and  800  feet. 

I  was  unable  to  find  an  exposure  of  good  rock  northwest  of  Los  Bafios.  Vol- 
canic tuff  alone  was  in  evidence  for  a  distance  of  2  miles  inland. 

The  area  in  the  vicinity  of  Santa  Cruz  for  about  4  miles  on  each  side  is  low, 
flat  land,  or  low  hills  supporting  cocoanut  groves. 

About  half  a  mile  south  of  the  town  of  Pagsanjan  one  enters  the  famous 
gorge  of  that  name.  The  vertical  walls  of  this  canyon,  300  to  400  feet  in  height, 
covered  with  vines,  shrubs,  and  small  trees,  with  the  clear  mountain  stream 
between,  presoit  a  most  beautiful  and  impressive  picture.  The  canyon  walls  are 
remarkably  parallel  and  are  seldom  100  feet  apart. 


154      APPENDIX  TO  REPORT  OF  THE  PHILIPPINE  COMMISSION. 

At  the  entrance  of  the  canyon  occurs  a  small  exposure  of  what  appears  to 
be  a  solid  igneous  rock  In  place,  but  it  shows  for  only  a  few  feet  along  the  banks. 
The  walls  of  the  canyon  proper  are  composed  throughout  of  a  conglomerate  of 
dark-colored  igneous  rock,  bound  together  with  a  soft  basic  cementing  material 
of  medium  hardness.  The  bowlders  present  a  variety  of  forms,  but  in  a  gen- 
eral way  they  are  similar,  being  composed  mainly  of  dark-colored  silicates,  and 
all  are  fine  grained.  Some  are  vesicular,  while  others  are  very  compact.  Many 
of  the  bowlders  in  the  stream  have  a  smooth  black  outside  coating,  probably 
a  deposit  of  iron  compounds.  Xo  quartz  was  detected  in  any  of  the  rocks,  but 
particles  of  jasper  and  small  quartz  crystals  were  found  in  the  sands  of  the 
stream  beds.  The  conglomerate  beds  showed  distinct  lines  of  stratification  and 
the  dip  as  determined  by  you  is  5*  to  6**  in  the  direction  north  85**  west. 

When  ascending  the  river  the  first  waterfalls  encountered  are  the  Talon- 
talagib  Falls,  which  come  tumbling  down  a  hanging  valley  and  over  the  east 
wall.  At  this  season  of  the  year  (February)  the  stream  is  small  and  a  con- 
siderable portion  of  the  water  splashes  down  over  the  rock  instead  of  falling 
clear.    The  slope  of  the  wall  at  the  falls  is  about  80°. 

As  shown  by  maps,  this  canyon  leads  to  Cavinte,  where  the  natives  say  there 
is  a  waterfall  of  the  main  river. 

The  Botocan  Falls  are  on  the  Botocan  River,  which  joins  the  Pagsanjan  on 
the  west  at  the  town  of  Pagsanjan. 

One-quarter  of  a  mile  above  the  town  of  Pagsanjan,  on  the  west  bank  of  the 
river,  there  stands  a  stone  bath  house,  which  was  built  by  the  Spanish  Govern- 
ment and  supplied  with  water  from  a  mineral  spring  near  by.  The  following 
description  of  this  spring  may  be  of  interest  It  is  a  translation  from  the 
''  Memoria  Descriptiva  de  los  Manantiales  Minerales  Medicales  de  la  Isla  de 
Luz6n,"  by  D.  Jos6  Centeno,  1890. 

WATEB8   OF   BOMBONGAN,   PAGSANJAN,   LAGUNA. 
TOPOGRAPHY   AND  GEOLOGY. 

.  On  the  left  bank  of  the  Bombongan  River,  about  300  meters  above  its  Junction 
with  the  Balanac,  where  the  town  of  Pagsanjan  is  situate,  and  5  meters  above 
the  water  level  of  the  river,  a  large  spring  gushes  forth,  whose  waters  are  used 
with  great  faith  by  the  natives  of  the  province  of  Laguna  for  many  of  their 
ailments. 

The  spring  seems  to  be  in  a  recent  conglomerate  of  volcanic  rock,  but  it  is 
to  be  presumed  that  in  the  interior  it  runs  over  banks  of  volcanic  tuff,  which 
constitutes  the  subsoil  of  all  of  this  region  and  which  begins  to  appear  on  both 
banks  a  short  distance  from  the  spring  and  at  a  lower  level. 


Although  only  one  is  ordinarily  spoken  of,  there  are  various  springs  In  the 
vicinity  of  the  one  which  Is  generally  used  and  is  known  by  the  name  of  Bom- 
bongan. The  waters  of  this  last  one  are  gathered  by  means  of  a  small  canal 
in  a  basin  of  rubble  work,  inside  of  a  small  house  which  serves  as  n  shelter 
for  the  bathers. 

The  volume  of  the  spring  whose  waters  are  collected  for  the  bath,  calculated 
from  data  taken  on  the  3d  of  August,  1885,  was  found  to  be  2.31  liters  per 
second,  or  approximately  200  cubic  meters  in  twenty-four  hours,  it  being  pos- 
sible, If  found  necessary,  to  triple  this  amount  of  mineral  water,  collecting  from 
the  near-by  springs  that  which  Is  now  wasted. 

PHYSICO-CHEMICAL  CHARACTERISTICS   OP  THE    WATER. 

Colorless,  odorless,  transparent,  and  has  a  slight  inky  taste  scarcely  per- 
ceptible. No  reaction  with  litmus  paper.  Without  bubbling  gases.  Tempera- 
ture of  water  31.5**  C.  (air  at  30**  C).  Variation  In  temperature  hardly 
perceptible.    Density  at  0**  C.  and  760  mm.  pressure  =  1.003906. 
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BBSULTS  OF  ANALYSIS. 


The  anliydrous  substances  found  in  one  liter  of  mineral  water  were : 

Grams. 

Carbonic  acid,  free . 0.286240 

Oxide  of  iron  in  tbe  residue  from  evaporation .004140 

Oxide  of  calcium  in  the  residue  from  evaporation .034832 

Oxide  of  magnesium  in  the  residue  from  evaporation .027529 

Oxide  of  iron  in  the  water  boiled  and  filtered .  017000 

Oxide  of  calcium  in  the  water  boiled  and  filtered .007280 

Oxide  of  magnesium  in  the  water  boiled  and  filtered .  002928 

Silicic  acid  .062400 

Sulphuric  acid .010301 

Chloric  acid  _* .012864 

Sodium  oxide - .005299 

Nitric  acid Trace. 

The  fixed  residue  obtained  by  evaporating  directly  1  liter  of  the  min- 
eral water  and  drying  at  approximately  180°  C.  weighed .  380000 

DEFINITE  ANALYTICAL  RESULT,  DEDUCED  BY  CALCULATtON. 

One  liter  of  water  at  31.5°  C.  contains  in  p'^lution : 

Grams. 

Oxygen 1.754928cc—  0.002509 

Nitrogen 11. 783071  cc_-  .014800 

Carbonic  acid 84.  750000  cc.  .  167358 

Iron  carbonate .009200 

Calcium  carbonate .089568 

Magnesium  carbonate 0. 086615 

Calcium  sulphate .  017511 

Sodium  chloride .  012844 

Magnesium  chloride .  006855 

Ferric  oxide .  017000 

Silicic   acid  -^ .  062400 

Nitric  acid Slight  trace. 

Total  of  mineral  substances 0. 486660 

Classification:    Hypothermal    waters,    mixed   blcarbonates,   and   nitrates. 

COMPARISON    OF   THE   RESULTS    OF    ANALYSIS. 

Total  of  mineral   substances  per  liter,  according  to  the      Grams.  Grams. 

above  table 0. 486660 

Volatile  substances: 

Oxygen 0.002509 

Nitrogen .  014800 

Carbonic  acid,  free .167358 

Carbonic  acid,  in  form  of  acid  salt,  with  carbonate  of 

iron .002530 

Carbonate  acid,  in  form  of  acid  salt,  with  carbonate 

calcium .027368  * 

Carbonic  acid.  In  form  of  acid  salt,  with  carbonate 

of  magnesia - .029543 

.  244108 

Dlflference   corresponding  to   the   theoretical   quantity   of 

fixed  substances .  242552 

Fixed  substances  per  liter,  determined  experimentally .248000 

Discrepancy .  005458 


PHYSIOLOGICAL  EFFECTS. 


The  commission,  not  knowing  these  effects,  has  not  been  able  to  take  clinical 
observations  which  would  serve  to  form  an  approximate  opinion  of  the  action  of 
these  waters.  Owing  to  their  limited  mineralization  and  moderate  temperature, 
It  is  supposed  that  their  curative  action  may  not  be  very  pronounced,  but  that 
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for  this  reason  they  ought  to  be  employed  in  the  treatment  of  certain  diseases 

as  a  powerful  auxiliary,  both  in  drinking,  through  the  quantity  of  salts  con- 
tained, and  in  bathing  through  their  tepid  condition. 

Natives  who  live  in  the  vicinity  of  the  spring  do  not  forget  to  attach  great 
importance  to  it,  attributing  to  it  numerous  and  extraordinary  cures,  which 
have  been  without  doubt  the  reason  that  in  a  certain  noteworthy  book  these 
waters  appear  described  in  an  exaggerated  manner,  and  also  with  unlikely 
analyses,  which  ought  not  to  receive  serious  consideration. 

THERAPBDTICAL  INDICATIONS. 

Considering  only  the  chemical  composition  of  these  waters  and  their  tem- 
I)erature,  the  following  applications  may  be  set  forth:  Convalescent  pains, 
ansemia,  chlorosis,  dyspepsia  proper,  gastro-intestinal  catarrh,  pelagra.  Uses: 
Bathing  and  drinking.    Bathing  season :  November  to  June. 

TOPOGRAPHY. 

After  crossing  the  Botocan  River  at  Pagsanjan,  the  trail  to  Cavinte  follows 
along  the  west  side  of  the  Boo  River  until  within  200  yards  of  Cavinte,  where 
it  crosses  the  river  by  means  of  a  large  stone  bridge. 

The  trail  is  on  beds  either  of  conglomerate  or  volcanic  tuff  all  of  the  way. 
At  Cavinte  the  red  clay  appears,  and,  together  with  the  gray  volcanic  tuff,  con- 
stitutes the  surface  covering  to  Botocan  Falls.  Exposures  of  this  red  day  ovar 
12  feet  in  thickness  were  observed. 

The  territory  below  Cavinte  is  characterized  by  sharp,  steep  ridges  and  nar- 
row valleys,  which  decrease  in  size  and  steepness  between  Cavinte  and  Luisiana, 
and  beyond  Luisiana  the  topography  is  that  of  a  gently  rolling  country  with 
well-rounded  hills.  From  Luisiana  to  Botocan  Falls  the  trail  runs  along,  oo^ 
or  near  the  top  of  the  ridge  until  it  strikes  the  Botocan  River,  some  200  feet 
above  the  falls,  where  both  a  plank  and  a  bamboo  footbridge  have  been  tlirown 
across  the  stream. 

The  falls,  whose  energy  it  is  proposed  to  transmit  to  Manila  in.  the  form  of 
electric  power,  are  nearly  200  feet  in  height.  Before  going  over  the  cliff  the 
stream  divides  into  three  parts,  the  two  on  the  outside  shooting  straight  over 
an  abrupt  shelf,  while  the  middle  one  tumbles  down  the  cliff  for  15  feet  before 
it  clears  the  rock  wall. 

The  upper  25  feet  of  the  rock  at  the  falls  has  the  appearance  of  volcanic  tuff, 
except  that  it  exhibits  a  well-developed  columnar  structure,  with  pentagonal 
cross  sections  predominating,  and  shows  flow  lines  which  are  absent  in  a  tjrpical 
tuff.  Underlying  this  bed  of  rock  there  is  about  70  feet  of  a  light-colored  rock, 
probably  a  conglomerate,  although  no  close  examination  could  be  made;  then 
comes  110  feet  of  black  conglomerate,  probably  the  same  as  that  forming  the 
Pagsanjan  cliffs. 

The  river  makes  a  sharp  turn  at  the  falls,  the  direction  of  the  stream  above 
being  north  68*  east  and  below  north  31  **  west  The  east  wall  at  this  turn  is 
semicircular  in  shape  and  300  feet  high.  The  upper  120  feet  are  tuff  and 
show  the  columnar  structure  very  well. 

Samples  Nos.  18  and  19  are  from  the  river  bank  immediately  above  the  t&Ws, 
where  the  rock  shows  at  least  two  horizontal  planes,  which  may  be  the  parting 
planes  between  different  flows  or  eruptions.  Although  this  material  resembles 
ash  more  than  lava.  It  must  have  had  sufllcient  fluidity  to  flow  to  some  extent 
at  least,  and  on  cooling  assumed  a  columnar  structure  so  common  in  basalt. 

It  may  seem  strange  that  with  a  comparatively  soft  tuff  overlying  a  conglomer- 
ate composed  mainly  of  hard  igneous  rocks  a  stream  should  be  able  to  form  a 
perpendicular  cliff  such  as  this;  but  this  is  made  possible  by  the  weak,  non- 
siliceous  binding  material  of  the  conglomerate.  This  cementing  material  closely 
resembles  volcanic  ash,  and  no  doubt  the  history  of  the  conglomerate  is  inter- 
woven with  the  history  of  the  volcanoes  of  this  region. 

The  elevation  of  Botocan  Falls  as  given  by  the  bureau  of  engineering  is  1,090 
feet.  The  highest  point  on  the  road  between  Luisiana  and  the  falls  is  some 
150  feet  higher. 

Between  Botocan  Falls  and  Majayjay  the  trail,  running  at  right  angles  to  the 
numerous  small  streams,  alternately  ascends  and  descends  a  series  of  steep 
hills.    A  large  portion  of  this  road  was  at  one  time  paved  with  waterwom 
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bowlders,  and  in  places  the  pavement  is  still  intact  The  stream  beds  are  in 
taff»  the  banks  being  usually  vertical  and  8  or  10  feet  high. 

From  Majayjay,  wliich  has  an  elevation  of  1,000  feet,  the  land  slopes  grad- 
ually to  the  lake,  as  though  it  were  the  g^itle  slope  of  an  old  volcano.  Volcanic 
tuff  is  the  only  rock  visible  below  Majayjay. 

The  town  of  Lumbang,  on  the  east  bank  of  the  Pagsanjan  River,  is  easily 
reached  by  banca  from  Santa  Cruz.  During  the  wet  season  a  banca  can  pass 
over  the  low  west  bank  of  the  river  at  this  place,  but  during  the  dry  season 
the  banquero  must  either  go  down  about  3  miles  to  the  mouth  of  the  river 
and  then  come  up  against  the  current,  or  have  the  banca  hauled  over  the 
150  yards  of  intervening  mud  by  a  carabao. 

Flat  cocoanut  and  rice  lands  occupy  the  east  side  of  the  river  for  half  a  mile 
back  of  Lumbang,  then  the  hills,  400  to  500  feet  high,  rise  abruptly,  leaving  an 
opening  for  a  «nall  stream  and  deep  canyon.  I  had  time  to  ascend  this  canyon 
but  a  short  distance,  and  so  far  as  I  went  found  nothing  but  a  black  conglomer- 
ate, the  same  as  shown  at  Pagsanjan  gorge  A  stream  bed  contains  an  imm^ise 
quantity  of  igneous  rock  of  different  kinds,  and  the  walls  are  high,  but  without 
vertical  cliffs. 

At  Paete  a  short  canyon  runs  back  from  the  lake  and  terminates  less  than  a 
mile  east  of  the  town  in  a  cliff  and  waterfall  130  feet  high.  The  cliff  is  com- 
posed of  a  fine-grained  melaphyre  (f.  n.)  which  breaks  into  very  sharp  irregu- 
lar shapes.  Sample  No.  20  is  a  specimen  of  this  rock  taken  from  the  foot  of 
the  cliff.  Higher  up  the  stone  is  somewhat  more  compact.  Below  this  occurs 
about  50  feet  of  more  ve^cular  rock,  although  otherwise  much  the  same. 

The  stream  bed  immeciiately  below  the  falls  is  filled  with  bowlders  of  this 
same  close-grained  rock,  but  about  30  feet  lower  the  channel  is  blocked  with 
large  bowlders  of  a  feldspar-porphyry  (f.  n.)  of  a  striking  appearance.  Some  of 
these  large  cubes  are  8  feet  on  a  side  and  must  have  fallen  from  above,  although 
about  50  feet  lower  down  they  form  the  bed  rock  of  the  stream  for  at  least  300 
feet  and  must  have  a  thickness  of  50  feet  or  more.  This  rock,  of  which  sam- 
ple No.  9  is  a  specimen,  consists  of  feldspar  phenocrysts  up  to  one-half  inch  in 
length  embedded  in  a  fine  slate-colored  ground  mass.  The  stone  has  a  hand- 
some apearance  but  is  wanting  in  strength  and  toughness,  or,  in  other  words,  it 
is  friable. 

Mr.  Roces,  of  Paete,  has  imported  from  the  United  States  a  complete  equip- 
ment for  a  modem  saw  and  planing  mill  and  is  now  setting  up  the  machinery. 
He  intends  to  use  the  power  of  the  falls  to  gaierate  electricity  with  which  to 
operate  his  machinery,  although  he  also  has  a  boiler  and  engine  for  this  pur- 
pose. According  to  measurements  of  the  fiow  of  the  stream  made  by  Mr.  Roces 
the  falls  will  generate  100  horsepower  in  the  dry  season,  which  will  be  just 
about  enough  to  operate  the  mill. 

The  abrupt  rise  of  the  land  one-half  to  three-quarters  of  a  mile  from  the 
shore  from  almost  water  level  to  400  feet  or  more  begins  at  Pagsanjan  and 
continues  around  past  Limbuan,  Paete,  and  Paquil  to  Pangil,  where  it  is  ter- 
minated by  the  valley  of  the  Salamboloc  River.  The  land  between  Pangil  and 
the  Salamboloc  River  proper  at  Siniloan  is  perftotly  flat  and  planted  with  rice. 

On  the  west  side  of  the  Salamboloc  the  ridge  of  volcanic  rock  runs  down  to  a 
point  about  a  quarter  of  a  mile  southwest  of  Siniloan.  Although  numerous 
bowlders  occur  on  the  ridge,  no  exposure  of  the  rock  in  place  could  be  found. 

A  good  road  runs  along  the  foot  of  the  hills  from  Paete  through  Paquil  and 
Pangil  to  Siniloan,  which  was  traversed  on  foot,  but  no  rock  exposures  of  value 
were  found. 

The  map  shows  Siniloan  to  be  nearly  due  north  of  Pangil,  but  I  found  the 
magnetic  l>earings  taken  with  a  Brunton  pocket  transit  to  be  north  45"*  west. 
Matiquio  is  also  shown  much  nearer  to  Mavitac  than  it  should  be.  The  bearing 
from  Matiquio  to  Santa  Cruz  I  found  to  be  south  15°  east  instead  of  almost  due 
south,  as  shown  on  the  map. 

The  low  hills  a  mile  northwest  of  Matiquio  are  covered  with  bowlders  of 
melaphyre  (f.  n.),  but  the  only  exposure  of  rock  in  place  showed  volcanic  tuff 
(sample  No.  lOB).  In  Matiquio  I  obtained  a  small  sample  of  white  kaolin  clay 
(sample  No.  U),  which  is  reported  to  occur  about  2  miles  north  of  the  barrio 
and  a  mile  from  the  lake  shore.  It  resembles  the  Los  Bafios  clay  in  appearance 
and  is  used  for  the  same  purpose.  This  deposit  has  been  recently  located  by 
some  of  the  ofildals  of  Laguna  Province,  and  I  have  since  received  good  samples 
of  this  clay  from  Mr.  Sherfey,  supervisor  of  the  province,  who  owns  an  interest 
In  the  claim.  It  is  reported  that  this  clay  can  be  gotten  to  market  more  easily 
than  the  Los  Bafios  product 
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There- is  a  foot  trail  from  Matiquio  to  Jalajala  which  I  desired  to  pass  over 
in  order  to  obtain  a  better  idea  of  the  structure  of  the  main  ridge  on  Jalajala 
Peninsula,  but  it  was  found  necessary  to  return  to  Santa  Cruz. 

The  shore  from  Bagombong  around  the  point  to  Jalajala  shows  no  solid  rock, 
as  the  land  for  some  distance  in  from  the  shore  is  low  and  flat.  Jalajala 
Peninsula  near  the  town  of  Jalajala  seems  to  be  composed  of  one  material,  a 
light-colored  volcanic  tuff,  sometimes  stained  with  iron  oxide,  but  more  oft^i 
nearly  white. 

On  the  southwest  side  of  Mount  Sunung-Dalaga,  about  2  miles  northeast 
of  Jalajala,  a  landslide  exposes  this  tuff  for  nearly  100  feet  vertically.  Although 
in  small  pieces,  it  closely  resembles  hardened  clay ;  it  has  no  plasticity,  shows  no 
stratification,  and  vesicular  fragments,  so  characteristic  of  volcanic  tuff  in  other 
parts  of  this  region,  seem  to  establish  it  a  tuff. 

The  shore  for  one-fourth  of  a  mile  along  Bulabula  Point  between  Quisao  and 
Pardia  is  strewn  with  melaphyre  (f.  n.)  bowlders,  but  the  rock  in  places  is  not 
exposed.  The  point  is  covered  with  small  trees  and  is  25  feet  high  at  the 
water's  edge ;  200  yards  inland  it  is  probably  100  feet  above  the  level  of  the  lake. 

In  a  small  bay  just  south  of  Quisao  there  are  two  brick  kilns  and  a  large 
dwelling  house  belonging  to  Mr.  Collins,  an  American,  who  has  resided  for 
many  years  in  this  vicinity.  Ladrones  have  robbed  the  place  many  times  and  it 
is  not  occupied  at  present.  My  banqueros  said  that  pieces  of  limestone  found 
near  the  kilns  came  from  the  direction  of  Manila,  but  that  it  was  also  found 
in  the  hills  to  the  east 

Blocks  of  volcanic  tuff  are  being  cut  from  a  small  ridge  that  extends  to  the 
water's  edge  a  mile  south  of  Tanay.  It  contains  many  lumps  of  hard  compact 
rock  embedded  in  the  soft  material. 

At  the  beginnhig  of  the  hills,  three-quarters  of  a  mile  north  of  Tanay,  there 
are  exposures  of  a  dark-colored  conglomerate,  which  composes  the  surface 
covering  for  at  least  li  miles  inland. 

Only  volcanic  tuff  shows  near  the  shore  from  Morong  until  almost  opposite 
the  north  end  of  Talim  Island,  when  the  basalt  (f.  n.),  of  which  the  north  end 
of  Talim  is  largely  composed,  is  found  on  the  mainland. 

An  inspection  of  the  south  end  of  Talim  Island  failed  to  reveal  a  good  build- 
ing stone.  The  most  southern  part  consists  of  the  same  basalt  (f.  n.)  that  the 
city  of  Manila  quarries  and  crushes  on  the  north  end  of  the  island. 

The  natives  are  industriously  at  work  pounding  up  the  rock  by  hand  into 
concrete  size. 

From  a  point  opposite  Malahi  Island  to  Point  Naglunglung,  on  the  east  side 
of  Talim,  the  rock  exposed  along  the  lake  shore  is  vesicular  melaphyre  (f.  n.), 
of  which  sample  Nos.  16  and  12  are  specimens,  although  No.  12  is  not  repre- 
sentative of  the  rock.  At  Naglunglung  point  there  is  a  compact  leucophyre 
(f.  n.)  that  shows  for  100  feet  along  the  shore  and  can  be  traced  about  200 
feet  inland  before  it  becomes  covered  with  soil.  It  is  firm  and  tough,  but 
appears  to  have  no  jointing  planes  and  to  be  of  small  extent 

The  lake  shore  from  Talim  to  Binangonan  has  several  cliffs  of  volcanic  tuff, 
but  no  crystalline  rock  was  observed.  On  the  point  just  north  of  Binangonan, 
in  the  vicinity  of  the  abandoned  quarry  of  the  city  of  Manila,  about  30  men  are 
at  work  cutting  out  stone  blocks.  The  large  ones,  some  of  them  3  feet  by  18  inches 
by  18  inches,  are  sold  for  tombstones,  while  the  smaller  ones,  squared  up  and  faced 
on  one  side,  are  used  to  pave  alleys  and  for  sidewalks.  A  stone  10  inches  by 
10  inches  by  3  inches  sells  for  ft).10  in  Manila,  while  one  18  inches  by  18  inches 
by  4i  inches  brings  ^0.80.  The  rock  is  a  vesicular  basalt  and  consequently  is  a 
very  poor  stone  both  with  respect  to  appearance  and  durability.  Sample  No.  13 
is  a  representative  specimen,  while  Nos.  14  and  15  show  beautiful  calclte  crystals 
in  cavities  in  ^ the  rock.  The  rock  parts  readily  along  a  horizontal  plane  when 
the  rock  is  in  place  and  this  parting  is  parallel  to  the  flow  lines  of  the  rock. 

A  cross-sectional  view  of  the  ridge  given  by  the  face  of  the  old  quarry  shows 
15  to  18  feet  of  this  vesicular  basalt  (f,  n.)  overlying  the  dark  compact  rock 
which  appears  to  be  identically  the  same  as  the  rock  at  the  plant  at  Talim. 
The  lower  north  side  of  the  ridge  Is  tuff. 

The  small  workings  of  the  stonecutters  run  150  yards  east  of  the  old  quarry. 
They  work  in  horizoptally  almost  at  the  top  of  the  ridge,  in  no  place  having 
exposed  a  face  more  than  10  feet  high. 

About  3i  miles  north  of  Binangonan  on  the  trail  to  Antipole  is  a  bed  of 
crystalline  limestone,  which  is  transiwrted  on  carabao  sleds  to  several  small 
barrios  along  the  lake  shore  west  of  Binangonan  and  burned  for  lime.  This 
bed  of  limestone  is  not  over  200  feet  wide  and  strikes  due  south.    Its  southern 
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exposure  lies  due  west  of  the  mouth  of  the  river  at  Morong.  It  is  the  first  high 
ground  on  the  west  side  of  the  valley,  forming  a  secondary  ridge  parallel  to  a 
slightly  higher  ridge  of  igneous  rock  some  200  yards  farther  west. 

From  the  topography  of  the  region  it  would  seem  that  a  road  could  be  built 
to  the  lake  at  Morong  without  great  expense. 

No  stratification  planes  are  apparent,  but  there  are  great  cleavage  planes 
roughly  dividing  the  stone,  which  dips  west  70  degrees  from  the  horizontal. 
The  rock  weathers  into  rough  vertical  columnar  shapes  which  show  no  minor 
plates  of  parting.  It  is  uniform  in  composition,  strong  and  compact,  but  as  It 
does  not  break  into  regular  shapes  it  will  be  difficult  to  cut  into  dimensional 
stone.  In  samples  Nos.  17A  and  17B  you  discovered  fossil  remains  believed  to 
be  nummulites,  which  have  been  reported  to  be  present  in  this  rock  by  Baron 
von  Richthofen. 

CONCLUSION. 

While  this  Investigation  does  not  prove  conclusively  that  there  is  not  a  good 
building  stone  near  the  Laguna  de  Bay,  it  shows  that  the  existence  of  such  a 
stone  is  improbable. 

The  country  near  the  lake  shore  from  the  Pasig  River  almost  to  Los  Bafios 
is  low  and  flat  land,  so  that  no  investigation  of  this  area  was  necessary. 

Diligent  inquiry  brought  to  light  but  one  reported  occurrence  of  a  building 
stone.  Mr.  Sherfey,  supervisor  of  Laguna,  reported  on  the  authority  of  one 
of  his  road  foremen  that  In  Spanish  days  a  hard  dark-colored  rock  had  been 
quarried  on  the  Calamba  side  of  Mount  Maqulllng.  He  has  recently  investi- 
gated and  found  that  the  stone  was  gotten  from  large  l>owlders  of  feldspar 
melaphyre  (f.  n.)  in  a  small  arroyo  about  a  mile  from  the  lake.  From  a  sample 
of  the  rock  (No.  20)  it  will  be  seen  that  it  is  not  a  first-class  building  stone. 

The  natives  of  Laguna  Province  especially  seem  to  be  well  content  and 
prosperous 

I  was  everywhere  received  very  kindly  by  both  Americans  and  Filipinos,  and 
am  especially  indebted  to  Mr.  Sherfey,  of  Santa  Cruz,  for  his  assistance  in 
many  ways. 

Respectfully  submitted. 

H.  M.  IcKis,  E.  M., 
Field  Assistant,  Mining  Bureau, 

Mr.  H.  D.  McCaskey, 

Chief  of  the  Mining  Bureau,  Manila. 


[From  report  of  the  Philippine  Commission,  1906,  vol.  2,  p.  34.] 
DIYISION  OF  KIHES. 

Since  coal-producing  areas  are  known  to  exist  in  Luzon,  Batan,  Pollllo,  Mln- 
doro,  Masbate,  Negros,  Cebu,  Samar,  Leyte,  and  Mindanao,  and  as  the  impor- 
tance of  developing  these  deposits  Is  too  great  to  admit  of  discussion,  the  work 
of  the  division  of  mines  is  at  present  being  largely  concentrated  on  an  effort 
to  secure  Information  which  will  render  such  development  certain. 

The  Investigations  recently  made  have  been  chiefly  on  the  coal  flelds  of  Cebu, 
and  have  already  led  to  considerable  Investment  In  coal  lands  there. 

Meanwhile  work  In  the  gold  flelds  has  not  been  neglected.  A  topographical 
survey  and  geological  reconnolssance  of  the  gold-bearing  regions  of  Benguet 
has  been  completed  and  the  results  are  ready  for  publication.  The  chief  of 
the  division  has  made  a  preliminary  examination  of  conditions  and  of  results 
of  development  work  in  the  district  of  Auroy,  in  Masbate,  and  Mr.  Eveland 
and  Mr.  (Joodman  will  be  sent  thei*e  to  make  a  topographic  survey  and  geological 
reconnolssance  as  soon  as  they  flnlsh  the  work  upon  which  they  are  at  present 
engaged. 

Mr.  McCaskey,  the  chief  of  the  division,  has  kept  In  close  touch  with  miners 
conducting  active  operations  throughout  the  archipelago  and  has  rendered  them 
all  practicable  assistance. 

******* 

(Page  J 30.) 

The  coal  resources  of  the  Philippine  Islands  promise  to  fill  local  needs  In  the 
future.    So  far  as  we  now  know,  coal  areas  exist  in  Luzon,  Batan,  Pollllo, 
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Mindoro,  Masbate,  Negros»  Ceba,  Samar,  Leyte,  and  Mindanao.  The  present 
price  of  Japanese  or  Australian  coal  is  very  high  in  Manila;  we  now  are  paying 
^11.58  per  ton  of  2,000  pounds  for  Japanese  coal  delivered  at  this  bureau.  The 
lack  of  a  cheap  and  good  quality  of  coal  is  one  of  the  greatest  commercial 
obstacles  we  encounter  in  the  Philippine  Islands,  and  therefore  it  has  been  the 
endeavor  of  the  division  of  mines  to  push  the  study  of  the  coal  deposits  as 
rapidly  as  possible. 

During  the  past  year  Mr.  W.  D.  Smith,  who  already  had  carried  on  some  geo- 
logical and  reconnoissance  work  upon  selected  coal  fields  in  the  Philippine 
Islands,  was  sent  to  Cebu.  He  traveled  over  that  island,  and  his  preliminary 
survey  demonstrated  a  probability  of  favorable  returns  from  coal  development 
Following  this  reconnoissance.  he  undertook  a  more  complete  investigation 
of  the  coal  fields  of  the  Carmen-Compostela  region.  Upon  his  return,  after  two 
mouths*  absence,  Messrs.  Goodman  and  Ickis,  field  assistants,  were  sent  to  the 
same  portion  of  Cebu  to  make  a  topographic  survey  and  map  of  the  region 
which  it  was  proposed  more  extensively  to  study.  This  map  is  now  practically 
completed,  and  when  it  is  in  suitable  form  Mr.  Smith  will  return  to  the  island, 
if  necessary,  accompanied  by  Mr.  Goodman,  to  complete  the  work.  The  results 
will  be  published  as  soon  as  they  are  available. 

Petroleum  has  long  been  Imowu  to  exist  near  Toledo,  in  Cebu,  and  In  Tayabas, 
but  has  not  been  developed,  and  since  the  insurrection  but  little  exploring  work 
has  been  done.  However,  it  is  proposed  to  return  to  these  places  also  and  inves- 
tigate the  occurrence  of  mineral  oil. 

The  analyses  of  the  Compostela  coal  have  been  fairly  satisfactory,  and  the 
same  may  be  said  of  its  gas-producing  power. 

The  question  of  the  manufacture  of  producer  gas  and  the  utilization  of  the 
lower  grades  of  coal  has  been  brought  into  prominence  in  the  United  States^' 
since  the  experimental  work  carried  on  by  the  United  States  Geological  Survey 
in  1904  at  the  Louisiana  Purchase  Exposition,  because  the  results  of  this  work 
seem  to  show  that  even  the  poorer  grades  of  lignite  may  be  made  to  yield 
values  in  excess  of  those  of  the  best  grades  of  coal  when  the  producer  gas  is 
used  in  gas  engines. 

The  question  of  the  development  of  the  Philippine  coal  fields  and  of  the  most 
economic  utilization  of  the  grades  of  lignite  and  of  bituminous  coal  is  of  fun- 
damental commercial  Importance  to  these  islands,  and  it  is  certain  that  an 
adequate  number  of  geologists  to  map  the  coal  areas  and  to  publish  the  data 
regarding  the  availability  of  the  deposits  within  a  reasonably  short  time  would 
much  more  than  repay  the  necessary  outlay.  The  investigation  of  the  Cebu 
coal  fields,  for  example,  has  taken  the  time  of  the  two  topographers  of  the  bu- 
reau and  of  Mr.  Smith  for  at  least  four  months,  and  a  return  to  the  field  to 
plot  the  geologic  features  on  the  topographic  map  will  be  necessary.  During 
this  time  work  on  other  coal  fields  Is  at  a  standstill.  The  transfer  of  the  bu- 
reau of  mines  to  the  bureau  of  science  as  a  division  will  enable  the  chief  of  the 
division  on  his  return  from  the  United  States  on  leave  to  take  the  field  himself, 
and  in  this  way  we  will  be  able  to  cover  a  larger  area  more  expeditiously,  but 
even  under  these  circumstances  It  would  be  advantageous  to  have  more  men  in 
the  field,  so  as  to  obtain  extensive  economic  results  which  will  be  of  commercial 
advantage  In  developing  the  material  welfare  of  the  islands. 

The  policy  of  pushing  work  as  rapidly  as  possible  in  certain  individual  fields 
is  being  carried  on,  but  with  the  force  on  hand,  even  with  concentration  of 
effort,  the  area  which  can  be  covered  In  a  year  is  but  a  small  one.  These  argu- 
ments emphasize  the  statement  given  above  tliat  It  would  be  a  profitable  under- 
taking for  the  government  sufficiently  to  enlarge  the  force  In  the  division  of 
mines  to  enable  It  to  cover  more  territory  In  this  important  mineral  branch  in 
a  less  space  of  time. 

While  the  division  is  very  much  interested  in  the  coals,  it  can  not  neglect  the 
other  mining  fields  which  promise  to  increase  the  prosperity  of  the  Philippines. 
The  work  of  Mr.  Smith  during  the  year  has  been  in  the  coal  fields,  but  he  also 
must  do  all  the  paleontologlc  Investigating  for  the  division.  The  importance  of 
this  class  of  work  can  not  be  underestimated,  as  the  knowledge  of  the  fossil 
deposits  of  one  region  where  coal  beds  occur  gives  an  Indication  of  other 
probable  occurrences  in  other  parts  of  the  islands.  A  paleontologlc  study  of 
one  rc^on  and  a  knowledge  of  the  fossils  there  encountered  serves  as  a  guide 
to  what  may  be  expected  In  another  situation  if  the  same  fossils  are  met  with. 

The  attention  of  Mr.  Bveland  has  necessarily  been  directed  to  field  work  in 
regions  where  mining  operations  for  ore-bearing  minerals  are  under  way,  and 
from  November  until  April  he  was  in  Benguet  preparing  a  report  and  map  on 
this  important  region.    The  map  is  now  complete  and  the  work  of  compiling 
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the  geologic  results  well  under  way.    The  paleontology  and  stratigraphic  geology 
of  this  region  will  be  developed  by  Mr.  Smith  in  conjunction  with  Mr.  Eveland. 

The  mining  field  in  Masbate  has  not  been  neglected.  The  chief  of  the  divi- 
sion visited  this  region  to  m&ke  a  preliminary  survey  of  the  mining  conditions 
to  be  encountered  and  of  the  results  obtained  in  the  district  of  Aroroy.  His 
observations  have  warranted  the  determination  to  send  Mr.  Eveland  and  Mr. 
Cvoodman  to  Masbate  as  soon  as  their  present  work  is  completed  to  make  a  top- 
ographic survey  and  a  geological  reconnoissance  of  the  region.  There  are  many 
other  problems  which  have  been  undertaken,  but  which  have  advanced  but 
slowly,  owing  to  the  lack  of  numbers  in  the  divisions.  These  questions  include 
the  investigation  of  limestones  for  economic  purposes,  of  clays,  building-stone 
deposits,  rocks  suitable  for  cement  making,  and  of  other  materials  which  would 
be  of  value  for  structural  purposes  in  the  Philippine  Islands ;  the  investigation 
of  the  placer-mining  Industry,  and  dredger  ground  in  Pampanga,  Nueva  Ecija, 
and  Rizal ;  the  placer-mining  fields  of  Plgtao  and  Misamls,  Mindanao ;  the  min- 
eral resources  of  the  Agusan  River  region  in  Surigao  and  Placer,  Mindanao; 
the  exploratory  reconnoissance  of  the  mineral  resources  of  the  Cagayan  River 
valley,  etc. 

The  review  prepared  by  Mr.  McCaskey  of  the  work  done  in  Philippine  mining 
and  mineral  resources  during  the  past  year  would  be  too  extensive  for  an  an- 
nual report,  and  therefore  such  information  as  we  have  available  will  be  pub- 
lished in  a  separate  pamphlet,  to  be  Issued  by  the  bureau.  The  individual 
results  obtained  by  the  geologists  during  their  work  in  the  field,  together  with 
the  maps  which  have  been  prepared,  will  be  issued  in  the  Philippine  Journal  of 
Science.  In  the  future  the  bureau  proposes  to  publish  all  of  its  maps  in  a 
canvas-backed,  separate  edition,  in  a  form  which  will  enable  them  conveniently 
to  be  handled.  These  will  be  placed  on  sale,  together  with  a  series  of  pamphlets 
covering  matters  of  Interest  to  the  miners,  but  not  of  original,  scientific  value. 

The  asbestos  deposits  lying  in  Ilocos  Norte  along  the  flanks  of  the  central 
mountain  range,  and  extending  almost  due  north  and  south  for  a  distance 
approximately  of  30  miles,  constitute  a  mineral  deposit  of  sufficient  importance 
to  be  mentioned,  although  no  member  of  the  bureau  has  as  yet  had  opportunity 
to  visit  it,  so  that  the  information  is  not  original.  This  occurrence  was  known 
to  the  Spaniards  before  American  occupation  and  mention  has  been  mnde  of  It 
in  previous  reports.  This  asbestos  Is  probably  in  part  of  the  chrysotile  variety. 
It  occurs  in  veins  in  serpentine  and  in  less  completely  altered  peridot ites,  the 
veins  being  from  2  to  10  inches  wide.  The  fiber  is  in  part  silky  and  is  from 
1  to  8  inches  long.  Magnesite  Is  also  present  In  considerable  quantities.  This 
source  of  asbestos  is  sufficiently  close  to  the  sea  to  Insure  a  fairly  small  outlay 
for  transportation  to  points  where  coastwise  steamers  stop,  and  labor,  timber, 
and  water  are  reported  to  be  reasonably  cheap.  The  economic  geology  of  Ilocos 
Norte  constitutes  another  important  feature  for  future  work  which  in  time  will 
need  to  be  developed. 

The  chief  of  the  division  of  mines  has  begun  a  series  of  studies  on  the  vol- 
canoes of  the  islands,  and  during  the  year  has  visited  Taal  and  Canloan  vol- 
canoes, the  latter  being  partially  In  eruption  at  the  time.  As  opportunity 
occurs  we  will  continue  to  gather  material  in  this  branch  of  geologic  Investiga- 
tion until  it  is  ready  for  publication.  An  interesting  description  of  the  volca- 
noes might  rejidily  be  prepared  at  the  present  time,  but  in  respect  to  complete- 
ness this  would  be  of  little  value.  For  example,  the  region  covered  by  Taal 
volcano  probably  extends  from  the  seashore  at  Batangas  to  I^guna  de  Bay. 
This  area  is  a  very  large  one  and  therefore  any  understanding  of  the  life  history 
of  the  volcano  would  involve  a  study  of  great  magnitude,  as  an  examination  of 
the  present  crater  readily  reveals  the  fact  that  it  is  only  an  incident  in  the  his- 
tory of  the  whole. 

I  am,  very  respectfully,  Paul  C.  Freer. 

Director  of  the  Bureau  of  Science, 


(From  Report  of  the  Philippine  Commission,  1907,  vol.  2,  p.  37.) 
DIVISION  OF  HIKES. 

******* 
Mr.  Smith  was,  however,  able  to  visit  north  Ilocos  and  to  investigate  the 
asbeBtos  and  manganese  deposits  in  that  province.    In  December  he  began  the 
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large  undertaking  of  making  a  geologic  map  of  tbe  coal  regions  of  Compostela 
and  Danao  in  Cebu.  In  January,  Mr.  Goodman  Joined  him  to  aid  in  this  work. 
He  has  since  made  a  reconnoissance  of  Mount  Pinatubo  in  Zambales  Province 
and  of  the  region  in  its  vicinity.  When  Mr.  Ickis  returned  he  was  immediately 
dispatched  to  Camarines  to  make  a  preliminary  inspection  of  the  gold  region 
in  the  vicinity  of  Paracale  and  Mambulao.  From  there  he  went  to  the  island 
of  Polillo  to  inspect  the  coal  workings;  thence  overland  from  Infanta  to 
Manila. 

Mr.  Ferguson,  who  took  Mr.  Eveland's  place,  has  spent  a  large  amount  of 
time  In  petrographlc  work  and  has  carried  on  field  work  in  the  Batanes 
Islands  and  the  island  of  Camlguin  In  the  Babuyanes  group,  the  results  of 
which  will  shortly  be  published. 

******* 

PHILIPPIXB   COALS. 

Research  work  has  been  carried  on  as  extensively  as  possible  and  a  number 
of  contributions  from  this  section  have  appeared  in  the  Philippine  Journal  of 
Science.  Doctor  Cox  made  extensive  Investigations  of  the  coals  of  the  Philip- 
pines, giving  esi)eclal  attention  to  their  gas-producing  power.  All  of  these  coals 
are  noncoklng,  and  It  probably  would  not  be  profitable  to  use  them  for  ordinary 
gas  making,  where  the  coke  Is  an  important  by-product,  but  they  could  be  suc- 
cessfully employed  in  a  producer-gas  plant,  which  would  save  nearly  the  entire 
value.  All  of  our  experiments  indicate  that  the  most  economical  method  for  the 
consumption  of  Philippine  coals  would  be  as  producer  gas,  and  the  results  have 
been  so  promising  that  the  bureau  hopes  to  establish  a  trial  plant  in  the  near 
future,  if  funds  for  this  plant  are  provided  by  the  commission.  When  It  Is  In 
operation  we  can  add  very  definite  data  to  our  present  information.  The  empir- 
ical methods  generally  used  for  the  analysis  of  coals  are  not  applicable  to  those 
of  the  Philippines,  owing  to  certain  peculiarities  of  the  latter.  The  analyses,  as 
carried  on  by  the  official  method.  Indicate  our  coals  to  be  of  a  much  poorer 
quality  than  is  actually  the  case.  As  a  result  Doctor  Cox  was  compelled  to 
work  out  a  method  which  gave  satisfactory  and  reliable  results  and  showed  our 
coal  to  be  comparable  with  the  subbltuminous  coal  of  America  and  other  places. 

The  laboratory  has  been  equipped  for  actual  steaming  tests  under  the  boiler, 
and  it  has  endeavored  to  obtain  Philippine  coals  from  representative  sources, 
but  unfortunately  the  amount  so  available  has  been  very  limited,  and  from 
many  places  we  have  not  been  able  to  obtain  any  at  all.  Of  course  we  have 
completed  all  tests  of  other  coals  available  In  the  Manila  markets  for  purposes 
of  comparison,  but  It  is  feared  that  unless  we  can  have  brought  to  the  bureau 
a  greater  variety  of  materials  the  publication  of  the  actual  steaming  tests  will 
be  greatly  delayed. 

The  subject  of  Philippine  coals  is  of  the  greatest  importance.  We  suffer  here 
from  coal  prices  which  to  the  commercial  world  are  almost  as  serious  as  an 
epidemic  of  a  contagious  disease  Is  to  the  multitude.  Efforts  in  every  direction 
should  be  made  to  advance  the  production  and  utilization  of  our  Philippine 
deposits  and  to  discover  how  much  coal  Is  available,  and  more  especially  what 
its  quality  Is.  I  have  heard  Philippine  coals  condemned  by  persons  who  are 
utterly  unaware  of  their  nature  or  quality.  It  Is  true  that  in  order  to  bum 
successfully  many  varieties  will  probably  need  a  specially  constructed  fire  box  In 
the  furnace,  as  the  gas  produced  from  this  coal  Is  so  excessive  as  to  cause  great 
heat  In  the  stack  and  loss  In  the  fire  box,  but  surely  boilers  and  fire  boxes  can 
without  great  difficulty  be  so  constructed  as  to  take  advantage  of  this  condition, 
and  certainly  these  coals  can  be  used  to  great  advantage  In  a  producer  furnace, 
by  which  means  nearly  all  the  combustible  material  will  be  made  available; 
It  is  not  good  commercial  practice  to  condemn  a  material  simply  on  hearsay,  but 
it  is  good  commercial  practice  thoroughly  to  study  and  examine  coal  which  Is  as 
plentiful  as  that  in  the  Philippine  Islands,  and  to  ascertain  the  best  method  for 
its  utilization.  A  reduction  in  the  price  of  coal  would  be  an  Inestimable  gain  to 
the  inhabitants  of  the  islands.  I  believe  that  the  government  should  foster  coal 
development  in  every  way  within  Its  power,  and  the  building  of  the  producer- 
gas  plant  would  be  one  of  the  means  by  which  this  could  be  accomplished. 

PHILIPPINE  CLAYS. 

Information  relative  to  the  quality  and  distribution  of  clays  In  the  Philip- 
pines is  l>eing  sought  more  and  more  frequently,  and  therefore  we  have  under- 
taken work  In  this  direction,  paying  attention  to  possible  cement  materials. 
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The  difficulty  which  the  chemical  division  labors  under  is  that  while  many  clays 
are  brought  in  and  found  to  be  proper  for  use,  our  knowledge  of  the  extent  of 
the  deposits,  their  area,  cubical  contents,  etc.,  is  most  meager,  and  also,  with  the 
exception  of  a  few  places  in  I  locos  Norte,  we  have  not  as  yet  developed  a  knowl- 
edge of  ample  deposits  of  feldspar  and  quartz  to  assist  in  porcelain  making. 
The  mining  division,  owing  to  its  reorganization,  has  a  position  vacant,  and  it 
is  proposed  to  engage  therein  a  man  qualified  especially  for  this  work. 

THE  DIVISION  OF  MINES. 

Mr.  Smith  was  engaged  on  petrographic  work  on  the  Benguet  rocks  and  in  the 
care  of  the  fossil  material,  but  during  the  month  of  September  he  was  able  to 
visit  Ilocos  Norte  to  Investigate  the  reported  asbestos  and  manganese  deposits  in 
that  region.  The  results  have  been  published  in  the  Philippine  Journal  of  Sci- 
ence. After  October  1  and  to  December  5  Mr.  Smith  was  not  only  writing  up 
his  material  obtained  in  Ilocos  Norte,  but  preparing  for  extended  field  work  in 
Cebu,  where  much  of  the  map  work  had  previously  been  prepared  by  Messrs. 
Goodman  and  Ickls.  On  December  5  Mr.  Smith  took  the  field  and  began  the 
large  undertaking  of  geologic  mapping  of  the  coal  regions  of  Compostela  and 
Danao  fields  in  Cebu.  He  was  Joined  by  Mr.  Goodman  in  January,  so  as  to 
facilitate  the  work  on  the  map,  Mr.  Smith,  upon  his  return  from  Cebu,  was 
placed  in  temporary  charge  of  the  division  and  has  continued  as  acting  director 
up  to  the  present  time. 

The  extensive  investigations  into  the  geology  of  the  coal  regions  of  Cebu  and 
the  preparation  of  the  map,  as  well  as  the  working  up  of  the  materials  which 
were  then  obtained,  have  occupied  much  of  his  time,  but  on  April  21  he  was 
able  to  accompany  an  expedition  of  the  First  Battalion  of  the  Second  Regiment 
of  the  United  States  Marines,  Maj.  B.  H.  Cole  commanding,  from  Olongapo 
to  Mount  Pinatubo,  in  Zambales  Province.  They  returned  to  Manila  on  May  2. 
During  this  time  he  made  a  rapid  reconnoissance  of  this  unknown  region  and 
also  did  some  work  in  the  vicinity  of  Subig  Bay.  Mr.  Ickis  returned  to  Manila 
on  February  22  and  was  at  once  dispatched  to  the  Camarines  to  make  a  pre- 
liminary inspection  of  the  gold  region  in  the  vicinity  of  Paracale  and  Mambulao. 
From  there  he  went  to  the  island  of  Polillo  to  inspect  the  coal  workings,  and 
thence  overland  from  Infanta  to  Manila.  The  report  is  now  being  carefully 
prepared,  as  much  material  has  been  gathered.  Preliminary  suggestions  in 
regard  to  this  region  were  published  in  the  mining  number  of  the  Far  Eastern 
Review. 

Mr.  Henry  G.  Ferguson  arrived  in  Manila  on  March  28  to  take  the  place  left 
vacant  by  Mr.  Eveland,  and  for  the  first  month  after  his  arrival  he  assisted 
very  largely  in  the  petrographic  work.  On  May  19  he  was  sent  as  a  member 
of  an  expedition  of  scientists  to  the  Batanes  Islands,  and  subsequently  he 
proceeded  to  the  island  of  Camiguin,  to  the  north  of  Aparrl.  The  material 
gathered  on  this  trip,  which  relates  to  a  group  of  islands  but  little  known,  is 
being  prepared  for  publication. 

Mr.  Goodman  also  made  a  rapid  reconnoissance  in  the  latter  part  of  1906  in 
the  island  of  Marinduque,  paying  particular  attention  to  the  lead  deposits 
reported  to  occur  there.    He  was  gone  in  the  field  about  a  month. 

Owing  to  the  disorganized  condition  of  the  division,  to  the  separation  of  so 
many  men,  and  to  the  fact  that  Mr.  Ickis  was  on  leave,  no  publication,  ex- 
cepting a  contribution  to  the  physiography  of  Cebu  Island,  by  W.  D.  Smith,  was 
^made,  but  since  we  have  once  more  begun  systematic  work,  press  bulletin  notices 
*have  been  issued  in  each  number  of  the  Far  Eastern  Review,  the  division  of 
mines  having  adopted  this  means  of  reaching  the  public  with  information  of 
interest  relating  to  mining  subjects.  These  bulletins  contain  special  announce- 
ments, short  articles  of  commercial  interest,  discussion  so  far  as  is  possible  of 
nonmetallic  minerals,  and  quotations  and  prices  of  chemicals  and  metals.  The 
division  has  also  cooperated  in  the  editing  of  the  mining  edition  of  the  Far 
Eastern  Review  and  contributed  four  articles  thereto. 

OBQANIZATION   OF  THB  DIVISION   OF  MINES. 

It  became  evident  that  to  obtain  the  best  results  a  reorganization  of  the 
division  was  necessary,  with  a  graded  list  of  salaries,  so  arranged  as  to  give 
each  one  an  opportunity  for  promotion.     After  the  final  adjustment  the  di- 
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vision  will  be  as  follows :  A  chief  of  the  division  in  charge  of  geology ;  a  mining 
engineer,  who  shall  have  charge  of  the  section  of  mineral  resources;  a  mining 
engineer  and  topographer;  a  geologist,  who  will  take  np  petrography  and  ore 
deposits;  an  assistant  geologist,  wtiose  work  shall  be  in  nonmetallic  mln^nls, 
sach  as  clays,  coals,  etc.;  and  two  field  assistants.  It  is  proposed  in  future 
to  abandon  the  former  policy  of  minute,  detailed,  and  expensive  surveys  of 
particular  regions  which,  while  of  great  importance  scientifically,  do  not  cover 
a  sufficient  amount  of  territory  actually  to  give  us  a  reconnoissance  of  the 
geology  of  the  Philippine  Islands.  To  cover  large  areas  in  the  minute  way 
in  which  we  began  would  take  resources  far  greater  than  we 'can  ever  hope  to 
command.  Consequently,  the  scope  of  the  work  for  the  future  has  been  planned 
about  as  follows: 

1.  Geological  reconnoissance  work. 

2.  The  investigation  of  economic  materials,  chiefly  of  fuels  and  materials  for 
construction. 

3.  Statistical  work. 

4.  Mapping. 

It  is  proposed  to  bring  the  work  l>efore  the  public  in  the  following  series  of 
publications : 

(a)  An  annual  bulletin  on  the  mineral  resources  of  the  Philippine  Archi- 
pelago, to  l>e  issued  at  the  close  of  each  calendar  year.  This  bulletin  v^ll  be 
statistical  in  character,  and  we  shall  endeavor  to  gather  from  all  mining  sources 
the  results  obtained  during  the  preceding  year  and  the  value  of  business  done. 
It  should  serve  as  an  exact  index  of  the  mining  industry  in  the  islands. 

(6)  Special  geologic  and  geographic  articles,  which -have  a  scientific  val^e 
and  which  will  appear  in  the  Philippine  Journal  of  Science. 

(c)  A  system  of  press  bulletins,  consisting  of  short  articles  and  announce- 
ments of  field  work,  will,  as  heretofore,  be  given  out  in  the  Far  Eastern  Review. 

(d)  It  is  also  proposed,  with  each  publication  in  the  Journal,  to  issue  sepa- 
rate sheets  of  the  geologic  and  topographic  maps,  so  that  they  shall  be  available 
to  the  miners. 

PBOPOSBD    NEW    WOBK. 

When  the  work  on  the  Cebu  coal  regions  is  completed,  and  the  geologic 
map  is  now  very  nearly  ready  for  the  press,  Mr.  Smith  will  begin  the  reconnois- 
sance work  In  Mindanao,  which  we  have  long  had  in  mind,  while  Mr.  Ferguson 
and  Mr.  Ickis,  with  one  assistant,  will  proceed  to  Bulalacno,  In  Mindoro,  to  study 
the  coal  fields  of  that  region.  Mr.  Ickis  and  the  assistant  will  execute  the 
preliminary  triangulatlon  and  run  one  or  more  level  lines  for  control.  Mr. 
Ferguson  will  fill  in  the  topography  with  a  plane  table  and  later  make  an 
a  real  map  of  the  geology.  While  waiting  for  Mr.  Ferguson  to  be  ready  to  pro- 
ceed to  Mindanao,  Mr.  Ickis  will  take  the  field  in  Masbate,  where  he  will  map 
approximately  40  square  miles.  He  will  then,  after  the  work  in  Mindoro  is 
completed,  be  Joined  by  Mr.  Ferguson  and  the  assistant.  The  reconnoissance 
of  Mindanao  is  planned  to  cover  the  Davao  district,  the  district  of  Cagayan, 
that  of  Placer,  the  Agusan  River,  and  Zamboauga.  The  party  will  consist  of 
Mr.  Smith,  Mr.  Goodman,  possibly  Mr.  Ickis  or  Mr.  Ferguson,  and  an  assistant. 
The  commanding  general  of  the  department  of  Mindanao  has  promised  coopera- 
tion and  assistance,  together  with  the  detail  of  men  to  make  this  expedition 
a  success.  The  work  will  probably  occupy  five  months.  When  the  party  re- 
turns three  months  at  least  will  be  needed  to  finish  the  report 

PUBLICATIONS   OP  THE    DIVISION   OF    MINES. 

The  following  articles  are  in  press  or  completed  for  publication :  Geography 
and  Geology  of  the  Baguio  Mineral  Region,  with  maps,  by  A.  J.  Eveland^ 
Petrography  of  Some  Benguet  Rocks,  by  W.  D.  Smith;  The  Asbestos  and 
Manganese  Deposits  and  Related  Geology  of  Ilocos  Norte,  Luzon,  P.  I.,  by  W.  D. 
Smith;  The  Corapostela-Danao-Carmen  Coal  Fields  of  Cebu,  P.  I.,  with  topo- 
graphic, geologic  maps,  and  relief  models,  by  W.  D.  Smith  and  J.  G.  Gwastney ; 
Contributions  to  the  Physiography  of  the  Philippine  Islands:  the  Region  of 
Mount  Pinatubo,  Zambales  Province,  P.  I.,  by  W.  D.  Smith ;  Geological  Recon- 
noissance from  Infanta  to  Laguna  de  Bay,  Luzon,  P.  I.,  by  H.  M.  Ickia 

NSBDS  OF  THE  DIVISION. 

The  division  has  Just  passed  through  its  reorganization  and  it  is  yet  too  early 
to  expect  the  greatest  results.  However,  it  might  be  well  here  to  mention  some 
of  the  needs  I  have  suggested  in  the  preceding  year.  One  necessity  consists  in 
more  ample  floor  space.    The  geologic,  paleontologic,  and  petrographic  coUec- 
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tions  are  growing,  and  with  the  field  work  planned,  together  with  the  method 
of  rapid  reconnoissance,  these  necessary  adjuncts  to  geologic  work  will  increase 
more  rapidly  in  the  future  than  in  the  past  There  certainly  should  be  here  a 
well-organized  collection,  typifying  the  mineral  resources  of  the  islands,  and 
it  is  impossible  to  care  for  such  a  collection  in  the  few  rooms  which  can  now 
be  assigned  to  the  division.  The  plan  of  the  laboratory  wing  which  has  beea 
prepared  will  make  ample  provision  for  necessary  expansion,  and  it  is  hoped 
that  before  another  year  is  completed  we  may  be  in  a  position  to  advance  our 
collection  rapidly.  The  library  of  the  geologic,  mineralogic,  and  petrographic 
section  of  the  work  has  grown  as  rapidly  as  funds  would  permit,  but,  just  as  is 
the  case  with  the  work  in  fisheries,  we  are  as  yet  but  poorly  equipped.  Other 
divisions  which  began  at  the  time  of  the  organization  of  the  bureau  of  govern- 
ment laboratories  are  therefore  far  ahead  of  the  later  additions,  and  much 
must  be  done  in  the  way  of  giving  the  division  of  mines  more  ample  library 
facilities. 

The  subject  of  topographic  surveys  has  already  been  mentioned.  The  success 
of  the  division  of  mines  depends  upon  this  class  of  work,  and  we  could  cover 
very  much  more  ground  if  we  were  able  to  rely  upon  completed  topographic 
maps.  However,  as  at  the  present  time  this  is  out  of  the  question,  the  division 
must  endeavor  to  do  what  it  can.  In  the  last  appropriation  bill  there  were 
given  to  the  division  of  mines  two  positions  for  topographers.  The  opportunity 
to  study  on  new  geological  work  is  so  great  that  it  might  not  be  impossible  to 
obtain  two  promising  young  men,  just  finishing  their  bachelor's  course  in  the 
United  States,  as  temporary  assistants  for  one  or  more  years.  The  salary 
would  be  enough  to  pay  expenses,  and  what  these  graduates  would  learn  would 
more  than  amply  repay  them  for  the  time  spent  in  coming  here.  Until  we  can 
discover  whether  this  course  is  feasible,  the  two  positions  in  question  will  be 
filled  temporarily  as  field  work  requires. 

It  is  hoped  that  within  the  next  year  the  plans  which  have  been  outlined 
will  have  given  encouraging  results.  Everyone  realizes  that  we  could  do  more 
with  twice  the  staff  and  still  more  with  three  times  the  number  of  men,  but 
our  work  in  the  field  of  mining  and  geology  must  be  limited  by  tiie  sums  which 
the  governmait  can  actually  afford,  and  it  is  to  the  interest  of  every  member 
of  the  division  actively  to  push  his  work  within  the  means  allowed  him,  and 
not  to  let  his  mind  dwell  on  what  might  be  possible  were  he  confronted  by  dif- 
ferent conditions.  Active  cooperation  between  the  mining  and  chemical  divi- 
sions is  necessary,  with  full  realization  that  research  is  for  all  who  have  the 
means  and  talent,  and  that  no  arbitrary  line  can  be  drawn  where  the  functions 
of  one  division  cease  and  those  of  the  other  began  without  seriously  hampering 
work  which  Is  in  the  interest  of  the  islands. 


[From  Report  of  the  Philippine  Commission,  1908,  pt.  2.] 

DIVISION  OF  lONES. 

*  ♦  ♦  ♦  ♦  ♦  * 

The  division  has  completed  a  geological  reconnoissance  of  the  Batanes  Is- 
lands, a  triangulation  survey  of  the  Arroroy  mining  district  in  Masbate,  a 
topographic  survey  and  geological  reconnoissance  of  the  same  district,  an  under- 
ground survey  of  the  old  Spanish  mine  known  as  "  The  Big  Copper,"  in  Lepanto, 
and  a  topographic  survey  and  geological  reconnoissance  of  parts  of  Mindanao. 

The  following  publications  have  been  issued : 
.  "  A  Description  of  the  Geology  and  Mining  Operations  in  the  Camarines  Gold 
Fields,"  by  H.  M.  Ickis.     (Journal  of  Science,  Vol.  IV,  No.  2,  and  Far  Eastern 
Review.) 

"  Notes  on  the  Geology  and  Geography  of  the  Bagnio  Mineral  District,"  with 
map,  by  A.  J.  Eveland.    (Journal  of  Science,  Vol.  II,  No.  4-A.) 

"The  Petrography  of  Some  Rocks  from  Benguet  Province,"  by  Warren  D. 
Smith.    (Journal  of  Science,  Vol.  II,  No.  4-A.) 

"The  Gk)ld  Placers  of  Nueva  Eclja,"  by  Henry  G.  Ferguson.  (Journal  of 
Science,  Vol.  IV,  No.  5,  and  Far  Eastern  Review.) 

"  The  Sulphur  Deposits  of  Leyte,"  by  Maurice  Goodman.  (Journal  of  Science, 
Vol.  IV,  No.  4,  and  Far  Eastern  Review.) 

"The  Sulphur  Deposits  of  Camiguin  Island,"  by  Henry  G.  Ferguson.  (Jour- 
nal of  Science,  Vol.  IV,  No.  5,  and  Far  Eastern  Review.) 
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"A  Geological  Reconnolsanoe  of  the  Batanes  Islands,"  by  Henry  G.  Ferguson. 
(Jonrnal  of  Science^  VoL  IV,  No.  B,  and  Far  Bastem  Review.) 

"The  Stone  Quarry  of  Mariveles,"  by  H.  M.  Ickls.  (Journal  of  Science,  Vol. 
IV,  No.  7,  and  Far  Eastern  Review.) 

''Notes  on  the  Manila  Lime  Supply,**  by  Maurice  Goodman.  (Journal  of 
Science,  Vol.  IV,  No.  7,  and  Par  Eastern  Review.) 

•* Ck)ntrlbution8  to  the  Physiography  of  the  Philippine  Islands:  Batanes 
Islands,**  by  Henry  G.  Ferguson.     (Journal  of  Science,  VcH,  III,  No.  1-A.) 

"  The  Geology  of  the  Compostella-Danao  Coal  Fields,**  with  map,  by  Warren 
D.  Smith.    (Journal  of  Science,  Vol.  II,  No.  6-A.) 

•'Note  on  the  Occurrence  of  Rhyolite  in  Cebu,'*  by  Henry  G.  Ferguson. 
(Journal  of  Science,  Vol.  II,  No.  ^A.) 

There  has  also  been  issued  the  first  Annual  Bulletin  of  the  Mineral  Resources 
of  the  Phllii^ine  Islands. 

In  view  of  the  increasing  importance  of  the  mining  industry  it  la  believed 
that  facilities  for  making  practical  working  tests  upon  from  3  to  5  ton  samples 
of  ore  should  be  furnished.  At  the  present  time  It  Is  necessary  for  prospectors 
to  send  such  samples  to  the  United  States  or  to  foreign  countries.  This  Involves 
a  heavy  expense  and  much  loss  of  time.  To  this  end  there  should  be  provided 
a  small  stamp  mill  and  a  cyanide  plant 

In  the  opinion  of  the  writer  there  should  be  added  a  smelting  and  refining 
plant  large  enough  to  handle  the  gold  produced  in  the  islands.  At  present 
miners  are  obliged  to  turn  their  crude  bullion  over  to  the  banks,  which  advance 
a  part  of  Its  value  and  ship  It  to  Pacific  coast  smelters  or  to  the  mint  at  San 
Franclsca  The  miners  must  wait  for  the  balance  of  their  money  until  returns 
are  received  from  the  smelter  or  the  mint.  They  then  receive  the  full  value 
of  their  gold  less  the  following  charges:  Interest  at  8  per  cent  on  the  amount 
already  advanced  to  them,  smelter  or  mint  charges,  express.  Insurance,  and  a 
charge  for  the  services  of  the  bank. 

These  charges  amount  to  more  than  2  per  cent  of  the  total  value  of  the 
bullion.  It  Is  believed  that  the  bureau  of  science  could  do  the  refining  at  a 
small  profit  on  a  1  per  cent  basis,  the  government  might  then  buy  the  gold,  and 
the  miners  would  get  their  returns  Immediately,  which  would  be  a  material 
advantage  to  many  of  them.  An  arrangement  might  be  made  by  which  the 
government  could  use  gold  bars  In  maintaining  Its  gold  reserve;  or  It  could  sell 
Its  gold  In  China  and  India,  where  the  pure  metal  for  use  in  the  arts  and 
trades  often  brings  a  premium.  Any  surplus  remaining  could  be  shipped  to  the 
United  States  mint.  In  my  opinion  It  would  be  well  worth  while  to  extend  this 
encouragement  to  the  local  mining  industry. 


(From  Report  of  the  Philippine  Commission,  v.  2,  1908.) 
MINERAL  AND  MIHINa  CLAIMS. 

During  the  year  5  patents  for  lode  gold  claims  have  been  Issued  and  1  patent 
for  a  placer  copper  claim. 

There  have  been  advertised  and  are  now  ready  for  patent  28  other  lode  claims 
containing  gold,  and  5  placer  claims.  Additional  claims,  14  In  number,  are 
now  ready  to  be  advertised  and  3  have  been  surveyed  and  applications  for 
patent  will  probably  soon  be  made  therefor. 

The  following  table  shows  the  claims  filed  during  the  year,  so  far  as  infor- 
mation has  been  received.  However,  owing  to  the  extremely  lax  manner  in 
which  the  officials  at  present  performing  the  duty  of  mining  recorders  render 
their  reports,  this  Information  is  not  complete. 


COSX  CHiMhOB 

Lode  claims  for  gold 

Lode  claims  for  silver  and  lead 

Lode  claims,  character  not  stated . . 
Lode  claims,  copper,  rubies,  silver. 

Placer  claims  for  Rold 

Placer  claims  for  flruano 

Placer  claims  for  limestone 

Placer  claims  for  manganese 

Placer  claims  f or  och  er 

Placer  claims  for  sulphur  water — 
Placer  claims,  character  not  stated. 


Entries 
filed. 


90 
508 

11 

26 
1 

83 
8 
1 
6 
1 
2 
5 


MINERAL  RESOURCES,   MINES,   AND   MINING.  167 

Fnll  details  as  to  these  claims  and  the  regions  where  they  are  located  will 
be  found  In  the  report  of  the  director  of  lands,  **  Appendix  E." 

There  has  been  a  good  deal  of  activity  in  mining  during  the  past  year.  The 
number  of  claims  which  have  been  patented  and  those  pending  patent,  the 
formation  of  new  mining  corporations,  the. Importation  of  a  few  modem  stamp 
mills  and  dredgers,  and  the  undertaking  of  investigations  by  several  well-known 
mining  experts  are  all  encouraging  signs,  but  so  long  as  the  Philippine  mining 
industry  must  struggle  along  under  the  Incubus  of  sections  SS  and  75  of  the 
act  of  Congress  of  July  1,  1902,  active  and  healthful  development  can  hardly 
be  anticipated.  The  recommendations  relative  to  these  sections  which  have 
hitherto  so  often  l)een  made  are  therefore  rei)eated  and  emphasized. 


(From  Report  of  the  Philippine  Commission,  1908,  part  2.) 

kuteral  and  MnriNG  claims  on  public  lands. 

COAL  CLAIMS. 

******* 
Most  of  the  coal  fields  containing  the  better  quality  of  coal  are  found  near 
available  harbors,  and  the  price  therefore  must  be  one  hundred  pesos  (WOO) 
per  hectare.  Ready  cash  to  the  extent  of  several  thousand  pesos  can  not  always 
be  had  at  the  time  it  is  desired,  and  this  has  probably  prevented  many  persons 
from  making  applications  for  patent  whose  intentions  have  been  honest.  *  *  ♦ 
However,  the  companies  operating  near  the  towns  of  Danao  and  Compostela 
who  succeeded  to  the  rights  of  some  old  Spanish  concessions,  have  shown  their 
faith  in  the  Philippine  coal  by  executing,  or  agreeing  to  execute,  a  contract 
with  the  Insular  Government  by  which  they  will  be  obliged  to  mine  a  certain 
amount  of  coal  each  day  or  in  default  of  mining  the  amount  stipulated,  to  pay 
the  government  a  certain  sum  for  each  ton  which  they  fail  to  produce. 

MINING   CLAIMS   OTHEB  THAN   COAL. 

There  has  been  a  notable  activity  in  the  mining  Industry  during  the  past 
year,  and  the  outlook  for  profitable  mining  is  more  encouraging  than  it  has 
been  at  any  time  since  American  -occupation.  With  the  increasing  interest,  the 
better  showing  of  materials,  and  with  several  claims  patented,  it  will  not  be 
so  difficult  to  obtain  capital  as  it  has  been  in  the  past. 

******* 

It  is  a  fact  too  well  known  to  be  repeated  here  that  the  most  active  and  sub- 
stantial business  men  are  largely  interested  in  corporate  Interests,  and  It  is  to 
these  men  that  we  must  look  for  the  development  of  the  resources  of  any 
country.  Much  less  need  it  here  be  repeated  that  in  mining,  possibly  more 
than  in  any  other  industry,  ready  capital  is  absolutely  necessary  to  do  the 
work  required  to  develop  the  commercial  value  of  the  claims.  From  an 
experience  of  many  years  it  is  apimrent  that  those  Filipinos  who  have  available 
cash  will  not  turn  it  toward  the  development  of  the  mineral  resources  of  the 
country.  Until  American  occupation  there  was  not,  with  the  possible  exception 
of  one  or  two  claims  In  Ca marines,  a  mine  worthy  of  the  name.  Filipinos 
did  not  then  and  do  not  now  undei*8tand  any  but  the  most  primitive  mining 
methods.  With  American  capital  largely  shut  out  through  the  provisions  of 
section  33  and  section  75,  and  with  the  indifference  of  Filipino  capital,  the  best 
at  this  time  can  not  be  hoped  for  the  mining  Industry  of  the  islands.  With  the 
repeated  recommendations  for  a  modification  of  these  provisions,  mining  men 
have  faith  that  these  recommendations  will  not  go  unheeded,  and  their  faith 
is  shown  In  the  fact  that  there  has  been  during  the  past  year  enthusiastic 
activity  in  prospecting  and  development  work  in  the  several  provinces  where 
minerals  have  been  found  in  quantities  to  warrant  some  expenditure  of  money. 
The  greatest  interest  is  probably  centered  around  Benguet,  although  Mas- 
bate,  Camarines,  and  Lepanto-Bontoc  have  been  close  rivals.  Recent  reports 
also  indicate  that  there  is  renewed  activity  in  the  placer  mining  regions  of 
Mindoro.  Gold  is  receiving  the  largest  share  of  attention  and  is  found  in 
almost  every  province.     There  is,  however,  a  varied  assortment  of  mineral 
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locations,  and  it  is  noted  that  one  mine  has  been  located  and  declared  to  be 
valuable  for  rubies.  There  has  been  considerable  interest  shown  in  the  copper 
r^ons  of  Lepanto-Bontoc,  and  one  copper  claim  has  been  patented.  According 
to  a  recent  report  of  the  chief  of  the  division  of  geology  and  mines,  copper 
ranks  next  to  gold  in  importance  as  a  natural  asset  of  the  Philippines.  These 
copper  deposits  have  recently  received  the  attention  of  representatives  of  a 
large  mining  syndicate  and  if  satisfactory  terms  can  be  arranged  between  the 
holders  of  these  claims  and  the  syndicate  it  is  probable,  that  these  copper 
deposits  will  in  the  very  near  future  be  thoroughly  developed. 

There  has  been  a  great  revival  of  interest  in  old  Spanish  gold  concessions 
in  the  Camarines  and  In  the  Iron  regions  of  Angat,  Bulacan,  where  there  were 
also  some  concessions  during  the  Spanish  regime.  The  owners  of  the  gold  con- 
cessions have  signified  their  willingness  to  enter  Into  a  contract  with  the  gov- 
ernment whereby  they  will  perform  a  certain  amount  of  work  each  year  on 
their  claims,  and  the  iron  concessionaries  have  also  indicated  their  willingness 
to  turn  out  a  certain  number  of  plow  points. 


BEPOBTS  OF  FBOVINCIAL  OOVEBNOBS. 


(S.  Doc.  No.  331,  Part  2.— Affairs  in  the  Philippine  Islands.     Hearings  before  the  Com- 
mittee on  the  Philippines  of  the  United  States  Senate,  1902.) 

Page  921. — Province  of  Albay. 

The  mineral  resources  of  this  province  have  never  been  developed  to  any 
great  extent,  although  there  is  found  in  numerous  places  deposits  of  coal  and 
quicksilver.  In  the  island  of  Batan  coal  is  found  in  very  large  quantities,  and 
from  a  recait  report  made  by  Lieut.  E.  Markham,  U.  S.  Corps  of  Engineers, 
who  spent  several  weeks  exploring  the  coal  fields,  it  would  appear  tliat  coal 
is  found  there  in  sufficient  quantities  to  supply  the  trade  of  the  arcliipelago  for 
many  years  to  come.  The  coal  api;)ears  to  be  of  a  very  superior  quality  and 
better  than  that  found  in  Japan.  It  is  hoped  that  such  legislation  as  is  neces- 
sary will  be  enacted  during  the  coming  year  to  admit  of  the  development  of 
the  coal  fields  in  this  island. 

Page  1496. — Province  of  Snrigao. 

Gold  mines  are  under  exploitation  in  the  province,  which  also  has  coal  mines 
which  are  not  exploited. 

Page  1500. — Province  of  Capiz. 

Of  minerals,  large  deposits  of  sulphur  and  saltpeter  are  found  in  the  eastern 
end,  while  traces  of  iron  ore  are  found  throughout  the  entire  province.  Quick- 
silver is  said  to  have  been  found  in  the  moutains  between  Dumarao  and  Iloilo 
Province.  Copper  is  said  to  have  been  found  south  of  Ibajay,  while  well- 
authenticated  reports  of  gold  have  been  made  from  towns  of  the  interior. 
Croppings  of  coal  are  plentiful,  but  so  far  as  known  it  is  of  a  very  poor  quality 
of  lignite.  Large  veins  of  marble  of  an  excellent  quality  are  found  near 
Buruanga,  also  some  granite.  Limestone  is  very  plentiful,  but  not  of  a  quality 
suitable  for  building  purposes. 


(S.  Doc.  No.  331.  Part  3. — Affairs  in  the  Philippine  Islands.     HearUigs  before  the  Com- 
mittee on  the  Philippines  of  the  united  States  Senate,  1002.) 

Page  2420. — Province  of  Bengnet. 

With  this  class  of  my  constituents  there  is  no  new  ground  to  traverse.  They 
are  the  same  brave,  daring  adventurers  who  have  In  all  past  ages  been  the 
advance  guard  of  armies  in  an  enemy's  country,  the  pioneers  of  the  wilderness 
or  the  explorers  of  the  unknown,  and  all  for  their  love  of  the  "  search  of  gold." 
These  men  are  not  to  be  met  or  influenced  by  sentiment  or  diplomacy.  Their 
white,  pinched  faces  indicate  the  condition  of  their  commissary  stores,  and 
honied  words  will  not  sweeten  the  dregs  of  the  cup  from  which  they  drink. 
They  want  facts  not  theories ;  they  want  to  know  what  obstacles  confront  them, 
and  they  want  to  know  the  worst  first  They  are  law-abiding,  ready  to  fight 
for  law  as  long  as  law  is  effective.    My  miners  are  my  citizens. 

There  is  here  under  the  earth  and  in  the  sides  of  these  valleys  gold,  silver, 
and  copper  in  large  amounts,  but  all  quartz  beds.  There  Is  not  enough  placer 
gold  here  to  even  make  a  rush  of  that  class.  It  will  take  capital  to  transform 
this  rock  and  dirt  into  the  commercial  standard  of  trade. 

Capital  will  be  glad  to  take  hold  of  this  enterprise  and  put  in  large  quartz 
mills,  heavy  machinery,  armies  of  workmen,  requiring  tons  of  supplies.  But 
none  of  this  can  be  considered  under  the  existing  mode  of  transportation.    Nor 
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is  this  the  only  drawback.  Congress  should  immediately  relieve  the  sitnation 
here  by  the  passage  of  an  American  mining  law,  in  accordance  with  the  recom- 
mendations already  made  by  the  Commission  and  which  are  universally 
satisfactory. 


(From  the  Report  of  the  Philippine  Commission,  1903,  part  1.) 

Page  783. — ^Proyinoe  of  Abra. 

According  to  people  with  some  knowledge  in  such  matters,  there  are  in  the 
province  deposits  of  gypsum  and  coal  in  great  abundance,  though  this  latter  is 
of  inferior  quality  to  that  of  Australia.  In  the  beds  of  some  of  the  rivers  gold 
in  small  particles  has  been  found,  which  proves  the  existence  in  the  vicinity 
of  this  precious  metal  in  large  quantities.  The  great  weight,  in  proportion  to 
their  size,  of  rocks  taken  from  the  ground  at  certain  places  causes  the  supposi- 
tion of  the  existence  here  in  abundance  of  iron. 

Page  740. — Province  of  Albay. 

The  mineral  resources  of  tlie  province  have  received  but  very  little  attention 
in  the  past,  although  there  are  paying  deposits  of  coal  and  quicksilver  In 
several  localities.  Coal  is  found  on  the  island  of  Batan  in  very  large  quanti- 
ties, in  fact  the  entire  island  seems  to  be  a  field  of  coal.  The  very  high  price 
this  article  brings  in  the  islands  should  be  sufficient  inducement  for  outside 
Investors  to  explore  the  resources  of  this  island  and  bring  this  product  into 
the  market. 

Page  744. — ^Provliice  of  Axnbos  Camarines. 

In  regard  to  the  mineral  resources  of  the  provinces,  I  am  not  able  to  furnish 
much  information  in  addition  to  that  already  in  the  possession  of  the  mining 
bureau.  It  is  certain  that  gold,  cinnabar,  and  coal  exist,  but  whether  or  not 
In  paying  quantities  has  not  yet  been  demonstrated.  A  number  of  American 
miners  and  prospectors  have  been  in  the  field  during  the  past  year,  and  most 
of  these  profess  to  have  made  valuable  discoveries.  Most  of  them  have  filed 
mining  claims  under  the  provisions  of  the  "  Philippine  bill "  and  legislation  of 
the  Commission  thereunder,  but  up  to  the  present  time  no  definite  results  have 
appeared  from  their  work  which  would  warrant  one  in  expressing  a  positive 
opinion  as  to  the  exact  nature  and  extent  of  the  mining  resources  of  the  terri- 
tory in  which  these  men  are  working,  especially  as  to  gold  and  cinnabar. 
There  Is  no  doubt  as  to  the  existence  of  at  least  two  large  coal  deposits,  but  it 
is  asserted  by  many  that  the  coal  is  too  soft  to  have  a  commercial  value,  and 
I  am  not  prepared  to  either  confirm  or  deny  this  statement,  as  I  am  not  aware 
of  any  analysis  ever  having  been  made  of  It.  I  have  seen  samples  of  this  coal 
which  to  my  layman's  eyes  looked  very  good.  Indeed,  and  I  believe  It  would  be 
well  worth  while  for  a  representative  of  the  mining  bureau  to  visit  and  report 
on  these  coal  deposits,  as  well  as  the  other  mineral  lands  in  this  vicinity. 

Page  820. — Province  of  Ilocos  Snr. 

A  similar  condition  exists  In  the  matter  of  mining,  for  while  I  a^ed  in  1902 
for  Information  from  all  the  municipalities  relative  to  this  resource,  the  only 
result  obtained  was  that  in  four  of  the  pueblos  there  seem  to  be  beds  of  clay, 
and  -it  is  also  claimed  that  in  four  other  pueblos  there  are  indications  of  the 
existence  of  gold  mines,  and,  finally,  one  shows  indications  of  sulphur. 

It  is  reasonable  to  suppose,  however,  that  if  expert  prospectors  should  make 
minute  investigations  deposits  of  other  minerals  might  be  found,  althou^^ 
should  this  be  the  case  they  would  be  of  no  importance 

Page  857. — Province  of  Mindoro. 

Of  the  minerals,  gold,  copper,  and  coal  are  known  to  exist 

Panre  869. — ^Province  of  Nueva  Vizcaya. 

Little  or  nothing  is  known  of  the  mineral  resources  of  the  province,  and  «o 
far  as  one  can  Judge  it  is  not  rich  in  precious  metals,  although  the  truth  is 
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th&t  the  riclieBt  copper  mines  In  the  world  migbt  exist  30  miles  away  from 
Bayombong,  and  no  one  be  tbe  wiser,  so  dense  Is  tbe  general  ignorance  for 
want  of  proper  prospecting  and  exploring.  The  natives  know  nothing  about 
the  country  8  miles  back  in  the  mountains.  They  know  nothing  about  minerals 
at  all,  and  while  the  Igorots  of  Benguet  appear  to  know  something  about  min- 
erals and  mining,  those  of  this  province  are  totally  ignorant  on  the  subject. 
The  only  known  deposits  are  gold  prospects  in  the  southwestern  part  of 
province  bordering  on  Benguet;  saline  deposits  about  three  hours  above  Bam- 
bang  in  the  mountains,  where  the  Igorots  condense  the  salt  from  the  salt 
water  which  flows  out  from  the  mountain  and  sell  it  for  5  pesos  per  carga  of 
125  pounds  to  the  people  who  live  in  the  valley.  The  whole  of  tl^  salt  supply 
for  the  province  is  obtained  from  these  saline  deposits.  Also  some  coal  out- 
croppings  are  found  5  or  6  miles  from  Bayombong,  along  the  bed  of  a  small 
stream  on  the  mountain  side.  The  thickness  and  detent  of  the  deposits  are  un- 
known for  want  of  prospecting.  The  coal  appears  to  be  lignite  of  recent  forma- 
tion. There  are  also  large  deposits  of  kaolin,  or  potter's  clay,  all  over  the 
province,  of  a  more  or  less  good  quality.  It  is  used  by  the  natives  for  white- 
washing instead  of  lime  wash  and  paint 

Page  906. — ^Province  of  Bomblon. 

On  the  island  of  Romblon  there  is  an  Immense  amount  of  marble  suitable  for 
sculpture,  and  these  quarries,  if  exploited,  would  be  a  source  of  wealth  for  the 
inhabitants.  On  the  islands  of  Sibuyan  and  Banton  there  are  considerable 
quantities  of  mastic  gum  and  gypsum,  which  are  still  unexploited,  and  would 
also  be  sources  of  wealth. 

Page  918. — ^Province  of  Samar. 

And  finally,  it  is  claimed  that  Samar  conceals  in  its  bowels  rich  mines  of 
coal,  gold,  petroleum,  lead,  copper,  and,  in  a  word,  every  kind  of  mineral.  It 
is  all  very  true,  but  no  mine  is  in  operation,  nor  even  known. 

Page  934. — Provinoe  of  Zambales. 

The  mountains  infold  in  their  bosoms  some  minerals.  This  has  been  dis- 
covered in  times  past  and  even  recently,  by  certain  prospectors.  They  say, 
though  I  am  unable  to  confirm  their  statements,  that  deposits  of  gold,  iron, 
quicksilver,  copper,  and  coal  have  been  found.  But  there  is  no  question  that 
there  are  clay  and  other  substances  that  produce  the  distinct  colors  of  paints. 
Since  I  am  absolutely  ignorant  In  such  matters,  I  leave  them  to  the  considera- 
tion of  persons  who  are  competent  to  appreciate  the  utility  and  importance  of 
the  development  of  these  mines.  I  am  confident,  however,  that  In  any  event  this 
development  would  be  favorable  to  the  people  of  this  province. 


(From  Report  of  the  Philippine  Commission,  1904,  vol.  1.) 
Page  SSI. — Provinoe  of  Albay. 

COAL. 

The  reliance  of  modem-day  transportation. — On  the  island  of  Batan,  about 
20  miles  from  Legaspl,  coal  deposits  of  extensive  character  were  long  known 
to  exist,  and  had  been  worked  for  some  forty  years  or  more  by  the  Spaniards. 
In  May,  1908,  the  matter  of  investigation  by  the  Quartermaster's  Department 
of  the  United  States  Army,  with  a  view  to  determining  whether  the  coal  known 
to  be  in  Batan  was  valuable  for  use  on  interisland  transports  was  taken  up. 
One-half  the  island  was  for  the  present  declared  to  be  a  civil  reservation,  pend- 
ing the  time  when  the  military  authorities  could  take  the  matter  up  with 
Washington  and  have  it  declared  a  military  reservation.  This  last  feature  of 
tbe  question  has  not  yet  been  decided.  There  is  no  real  mining,  as  such,  going 
on  on  the  island.  At  the  first,  the  old  diggings  in  the  hillsides,  left  by  tbe 
Spaniards,  were  experimentally  worked  and  sufficient  coal  taken  out  to  test 
the  product  and  see  whether  it  would  serve  on  the  transports.  It  having  provm 
satisfactory,  investigations  are  now  being  made  with  drills  to  determine  the 


172      APPENDIX   TO  REPORT   OF  THE  PHILIPPTKE   COMMISSION. 

extent  and  continuity  of  the  coal  seams.  Tlie  prospects  for  a  valuable  supply 
of  coal  are  excellent.  It  is  believed  that  where  mines  are  opened  in  the 
reserved  half  of  the  island  the  full  product  will  be  required  by  the  government, 
and  the  work  will  all  be  under  government  supervision.  However,  there  is 
plenty  of  coal  outside  the  reservation,  which  commercial  companies  could 
exploit 

The  work  on  the  mines  has  furnished  continuous  employment  on  the  island 
for  about  50  natives.  There  is  a  detachment  of  about  20  United  States  sol- 
diers on  the  island.  The  natives  are  paid  20  pesos  per  month  and  receive  their 
food  free. 

If  the  extent  of  the  deposits  of  coal  turns  out  as  it  promises,  the  supply  that 
may  be  expected  from  the  half  of  the  island  open  to  commercial  companies  is 
estimated  at  200,000  tons  a  year  for  two  hundred  years. 

The  island  has  been  visited  by  the  examiner  of  titles  from  the  court  of  land 
registration,  and  the  people  told  to  get  their  titles  to  their  land  registered 
before  the  expiration  of  the  six-month  period  allowed  after  the  warning.  As 
they  are  very  simple  people  and  are  not  very  clear  as  to  what  their  rights  and 
privileges  are  and  how  they  should  be  protected,  special  consideration  is 
requested  for  them. 

Page  412. — ^Province  of  Bengnet 

GOLD. 

There  is  no  longer  any  doubt  but  that  Benguet  is  a  great  field  for  low-grade 
producing  ore,  but  the  prospe<?tor  Is  looking  for  the  high-grade  spot  which  he 
thinks  is  sure  to  exist  in  such  a  field.  Several  old  miners  and  men  of  expe- 
rience are  content  to  settle  down  on  their  present  discoveries,  and  by  develop- 
ment open  them  up  to  a  distrusting  world.  The  fact  that  the  Igorots  washed 
out  226  ounces  of  gold  last  year  is  proof  conclusive  that  these  men  are  not 
being  led  by  a  "  will-o'-the-wlsp,"  and  It  Is  safe  to  predict  that  as  soon  as 
transportation  Is  available  for  heavy  machinery,  several  strong  corporations 
will  establish  extensive  mining  plants  in  this  mineral  district 

Page  522. — Province  of  Lepanto-Bontoc. 

MINES. 

The  gold  and  copper  mines  of  Lepanto,  especially  the  latter,  had  gained  con- 
siderable renown  during  Spanish  times,  and  soon  after  the  American  occupation 
scores  of  American  prospectors  fiocked  to  this  province  and  staked  out  claims 
around  Suyoc  and  Mancayan.  More  than  150  such  claims  have  been  taken  up. 
However,  as  It  became  more  and  more  apparent  that  much  capital  would  l>e 
needed  to  develop  these  mines  to  place  them  on  a  paying  basis,  many  of  tJie 
miners  left  their  holdings  until  only  three  or  four  remained.  It  seems  probable 
that  these  mineral  deposits  are  of  much  importance.  They  have  been  worked 
for  hundreds  of  years  in  a  primitive  way  by  Igorots,  and  several  Spanish  com- 
panies have,  at  different  times  from  1854  to  1893,  taken  out  a  great  deal  of 
copper.  About  1872  they  were  especially  active.  Importing  several  hundred 
Chinese  laborers  to  work  in  the  mines.  Their  operations  dwindled,  however,  and 
nothing  has  been  done  since  1893. 

A  surveying  party  from  the  mining  bureau  has  been  working  the  region  for 
several  months  past,  and  Its  reports  should  be  of  value  and  interest.  It  now 
appears  possible  that  an  American  syndicate  may  gain  control  of  some  of  these 
mines.  Some  such  stimulus  as  an  undertaking  of  this  nature  Is  needed  to 
develop  the  country,  but  very  little  can  be  expected  until  the  question  of  trans- 
portation is  solved. 

Pagre  541. — Province  of  Hindoro. 

COAL. 

The  coal  found  at  Bulalacao  has  been  used  on  the  provincial  launch,  and 
although  but  taken  from  the  surface  Is  of  very  good  quality.  Several  mines 
there  have  been  "  located,"  and  the  owners  claim  to  be  anxious  to  begin  work, 
but  "  can  not  get  labor,"  a  claim  I  have  not  much  faith  in. 
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Pagre  628. — ^Province  of  Snrigao. 


MINERAL    WEALTH. 


These  two  sources  of  wealth  are  scarcely  developed,  for  although  there  are 
32  mining  claims  recorded  in  the  office  of  the  provincial  secretary,  active  work 
has  not  been  done  on  any  of  them. 

Page  648. — ^Province  of  Tayabas. 

MINERAL  WEALTH. 

Since  the  promulgation  by  the  Philippine  Commission  of  Act  No.  624,  regu- 
lating the  location  and  registration  of  mining  claims  and  assessment  work  neces- 
sary to  hold  possession  of  same,  in  accordance  with  the  provisions  of  act  of 
Congress  of  July  1,  1902,  several  mines  have  been  discovered  in  different  parts 
of  the  province  which  will  In  the  future  constitute  a  new  vein  of  wealth.  Gold, 
copper.  Iron,  platinum,  mercury,  coal,  petroleum,  and  guano;  all  of  these  min- 
erals occur  in  this  province  under  favorable  conditions  as  to  quantity  and 
quality. 

During  the  year  1903  there  was  an  unusual  amount  of  activity  In  prospect- 
ing the  remotest  comers  of  the  different  municipal  districts.  Groups  of  people 
of  different  classes  devoted  a  great  part  of  their  time  to  this  work  and  a  few  of 
them  had  their  efforts  crowned  with  success.  The  greatest  activity  was  shown 
in  Marlnduque,  doubtless  owing  to  the  good  results  obtained  by  an  American 
who  is  developing  a  claim  of  guano  located  in  the  municipality  of  Santa  Cruz, 
Island  of  Marlnduque. 

I  give  hereunder  a  table  of  the  number  of  claims  registered  with  the  pro- 
vincial secretary  up  to  and  including  June  30  of  this  year. 


Kind  of  mine. 

Location. 

Regis- 
tered 
claims. 

toDDer 

Santa  Cruz 

2 

^SS             :      ::.:..::.... 

Boac 

1 

Do 

Torrljos 

1 

Iron 

Boac 

1 

Platinum 

Torrljos 

1 

Mercury 

Boac 

1 

Coal 

Qasan 

1 

Do 

Pagbllao 

3 

Do                    ...               

Pdlllo 

1 

Petroleum 

fian  Nftrclso ,  . . 

20 

Do 

Mulanay 

10 

Do 

Catanauan 

1 

Do 

Santa  Cruz 

1 

Ouanrt ...                

do 

2 

Do 

Boac 

1 

Do 

Mulanay 

1 

Do 

Mogpog 

1 

Do 

Qasan 

2 

Do 

Torrljos 

3 

Do 

Pagbllao 

10 

Page  674. — Province  of  Zambales. 


MINING. 

Three  mining  claims  have  been  filed  by  citizens  of  the  United  States  In  the 
office  of  the  provincial  secretary  of  Zambales  for  the  location  of  the  following 
mines:  Copper  Queen,  Copper  King,  and  Buckeye,  all  in  the  district  of 
Botolan,  but  up  to  the  present  time  the  locators  have  not  done  the  assessment 
work  required  by  law. 
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(From  Report  of  the  PhiUppbie  CommiMlon,  1005,  part  1.) 
Page  292. — Proyinoe  of  La  Lagnna. 

No  mine  of  great  value  exists  in  this  province.    All  that  have  been  registered 
to  date  are  platinum,  iron,  and  kaolin,  as  is  shown  by  the  foliowing  table : 


Class. 

Pwblos. 

Mines 
regis- 
terpd. 

2 
4 
1 

Class. 

Pueblos. 

Mines 
ppgis- 
tered. 

Platinum..   , 

Partlrll 

Calamba 

Paete 

Kaolin 

PaiOil 

1 

Kaolin 

Do 

LosMkos 

1 

Iron 

The  only  mine  that  has  been  worked  for  some  time  Is  the  kaolin  mine  at 
Los  Bafios.  If  any  of  the  balance  are  worked,  it  must  be  since  a  very  recent 
date,  there  being  nothing  on  record  in  the  provincial  offices  relative  to  the 
matter,  nor  have  the  persons  interested  communicated  the  fact  to  the  provincial 
flecretary*8  office,  though  this  office  is  of  the  opinion  that  all  of  the  kaolin 
mines  are  being  worked  more  or  less. 

Page  315. — ^ProTince  of  Kasbate. 

MINING   INDUSTEY. 

It  is  now  publicly  known  that  mines  of  gold  and  other  metals  exist  in  the 
municipal  district  of  Aroroy,  this  province. 

Although  for  four  years  prior  to  this  was  a  period  of  mere  prospecting,  and 
the  work  on  different  claims  was  merely  of  a  preliminary  nature,  now  eyery- 
thing  is  booming  there.  Several  companies  are  working  in  the  district  men- 
tioned, three  of  them  with  machinery.  Success  has  attended  the  efforts  of 
these  miners  and  a  bright  prospect  is  theirs  for  the  future. 

Page  317. — ^ProYlnce  of  Hindoro. 

A  claim  for  a  quicksilver  mine  at  Pola  has  been  recorded;  the  chief  of  the 
mining  bureau  discovered  "fine  white  marble"  near  Baco;  a  gold  (placer) 
claim  was  recorded  last  year;  work  is  about  to  begin  on  the  coal  mines  at 
Bulalacao ;  coal  has  l)een  discovered  at  Mansalay  and  Calapan ;  so  I  think  I  am 
justified  in  believing  that  the  outside  world  will  soon  come  to  the  conclusion 
that  Mindoro  is  worth  a  "  look  see." 

Pagre  829. — ^Moro  Province. 

Gold,  copper,  chalk,  and  coal  are  said  to  exist  in  the  island  of  Mindanao, 
and  prospectors  can  now  go  in  almost  any  part  of  the  country  without  danger, 
provided  they  come  first  to  the  provincial  and  district  governors  in  order  that 
they  may  be  put  under  the  care  of  chiefs  who  will  be  responsible  for  their 
safety.    This  precaution  is  necessary,  both  for  the  prospector  and  for  the  native. 


(From  Report  of  the  Philippine  Commission,  1006,  part  1.) 

Page  172. — ^Proyinoe  of  Albay. 

CJoal  is  found  in  Catanduanes,  Rapu-Rapu,  and  Batan ;  also  on  the  mainland 
at  Daraga,  but  only  the  coal  of  Batan  Island  has  been  developed.  There  is 
located  there  now  the  government  coal  fields,  which  lately  became  a  military 
reservation.  In  command  of  a  lieutenant  with  a  detachment.  Mining  on  the 
island  of  Batan  has  been  in  progress  since  1904,  the  work  being  done  under  the 
direction  of  Spanish  owners  of  what  is  called  **  Mlnas  de  Batan." 
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In  1001  the  United  States  military  authorities  decided  to  Investigate  the  coal 
deposits  of  the  various  regions,  and  this  was  done,  an  expert  engineer  visiting 
Batan  Island,  Cebu,  Negros,  Mindoro,  Mindanao,  Semirara,  and  Surigao  for  the 
purpose.  The  report,  when  submitted,  recommended  that  the  site  of  Liguan, 
island  of  Batan,  l>e  selected  as  a  location  for  government  mining.  This  was 
done,  and  explorations  were  l>egun  in  the  summer  of  1903,  with  most  gratifying 
results,  even  though  long  delay  by  reason  of  accidents,  inexperi^ice  of  em- 
ployees, and  a  long-time  failure  to  obtain  the  most  modem  apparatus.  Quoting 
from  the  report  of  the  geologist  of  the  mining  bureau,  "There  are  seven  veins 
explored  up  to  the  present  time.  They  are  nearly  parallel  to  each  other,  with 
an  average  thickness  of  1  meter.  The  coal  of  Batan  Island  compares  most 
favorably  with  many  coals  used  for  steaming  at  sea  and  on  land."  The  same 
geologist  in  his  report  says :  *'  Of  the  quantity  of  coal  there  can  be  no  question. 
The  tonnage  per  foot  of  thickness  per  acre  for  bituminous  coal  is  generally  esti- 
mated at  1,500,  and  as  there  are  several  square  miles  of  surface  on  Batan  Island, 
to  say  nothing  of  the  other  localities  underlain  in  all  probability  by  coal  seams 
3  and  4  feet  thick,  at  least,  it  does  not  take  very  much  figuring  to  settle  this 
point." 

Analyses  of  these  coals  show  that  they  are  of  the  same  class  with  coals  from 
Japan,  Wyoming,  and  British  Columbia.  Besides  the  government  reservation 
there  are  a  number  of  individual  claims  adjoining. 

Page  181. — ^Province  of  Ambos  Caxnarines. 

With  regard  to  mineral  resources,  there  are  many  deposits  of  gold,  silver, 
copper,  and  platinum  in  the  pueblos  of  Paracale  and  Mambulao,  but  only  the 
gold  mines  are  being  worked  by  several  American  and  Filipino  miners.  There 
are  also  deposits  of  gold  and  coal  at  Jhe  places  called  Tanday  and  Cabambam  in 
the  jurisdiction  of  the  municipality  of  Mabua  and  at  Hanopol  of  the  pueblo  of 
Caramoan. 

It  is  also  said  that  petroleum  and  mercury  are  found  at  Mount  Isarog,  though 
up  to  the  present  time  nothing  in  the  way  of  development  has  been  done. 

Page  186. — ^Province  of  Antique. 

MINERAL. 

Mineral  deposits  in  this  province  are  not  sufficiently  known.  It  can,  however, 
be  said  that  there  are  chalk  and  marble  at  Pandan  and  it  is  believed  also  gold 
and  silver.  In  Culasi  there  is  chalk  at  the  island  of  Mararison,  which  is 
used  for  whitewashing  purposes,  there  being  three  classes — white,  red,  and 
blue.  At  Buenavlsta,  in  the  district  of  Culasi,  there  is  coal  of  good  quality. 
At  Laua-an  some  good  samples  of  coal  and  platinum  have  been  found  near 
Mount  Barbaza;  sulphur  has  also  been  found  between  Narlrong  and  Eparar,  2 
miles  from  Barbaza.  At  Valderrama  there  is  gold;  at  San  Remlgio  there  is 
silver  near  Carawisan,  and  iron  close  to  the  town;  and  at  Dao,  in  the  suburb 
of  Aniniy  quite  a  considerable  quantity  of  pit  coal  has  been  taken  out. 

Only  two  of  these  mines  at  Barbaza  an^  one  at  San  Remlgio  were  recorded, 
by  American  citizens,  between  1902  and  1904,  though  all  of  them  are  now 
abandoned. 

It  is  quite  possible  that  many  gold  and  silver  mines  may  be  found  in  the 
province,  as  well  as  a  number  of  iron  deposits,  when  the  same  is  thoroughly 
prospected. 

Page  195. — ProYinoe  of  Batangas. 

NATURAL  RESOURCES. 

To  date  20  mining  claims  have  been  filed  throughout  the  province,  IS  of 
them  being  in  the  municipality  of  San  Juan  de  Bocboc,  1  in  Lobo,  and  another 
in  Batangas,  all  of  the  entrymen  or  locaters  being  Americans.  Not  all  of  the 
applications  mention  the  character  of  the  mine.  It  is  therefore  Impossible  to 
classify  them. 
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Page  199. — Proyinoe  of  Benguet 

MINING. 

We  have  felt  heretofore  that  in  our  reports  regarding  the  mineral  resourcefi 
of  this  province  the  conservatiTe  course  was  the  wisest  to  pursue,  and  that  a 
steady,  sure,  continuous  expansion  in  the  knowledge  of  our  mineral  wealth, 
and  the  diffusion  of  such  knowledge,  rather  than  mere  guesswork  based  upon 
the  researches  of  amateur  prospectors,  would  finally  produce  the  best  results. 

This  Is  not  a  prospector's  ideal  gold  field.  Our  gold  does  not  He  in  pockets, 
where  by  luck  and  after  much  research  a  fortune  may  be  picked  up  in  a  day, 
and  the  average  prospector  of  the  Philippines  may  for  this  reason  consistently 
give  adverse  reports  against  the  reports  of  wealth  in  gold  in  Benguet. 

Our  product  of  gold  will  be  found  in  what  is  generally  classed  as  low-grade 
ore,  though  throughout  the  mineral  range  are  found  seams  of  varying  thickness 
which  are  exceptionally  rich,  and  it  is  the  rule  rather  than  the  exception  to 
find  all  assays  of  mineral-bearing  ore  exceeding  in  value  $10  to  the  ton. 

Practically  all  of  the  central  range  through  the  province  is  mineral  bearing, 
as  well  as  the  eastern  range  or  central  range  of  the  district  of  Kayapa,  also  a 
part  of  this  province.  With  such  a  large  field  of  gold-producing  ore  there  can 
be  no  question  but  that  we  safely  may  present  and  solicit  the  attention  of  capi- 
talists desiring  safe  investments  to  the  subject  of  mining  In  Benguet  as  a  busi- 
ness, not  as  a  prospect. 

Whereas  in  the  past  this  was  an  Inaccessible  district,  now  transportation  is 
made  available  by  the  opening  of  the  Benguet  road  and  its  maintenance 
throughout  the  year.  Thus  the  Investor  may  surely,  safely,  easily,  and,  com- 
pared with  the  past,  at  small  expense  transport  his  machinery  to  location. 

With  the  limited  means  available  at  present  the  provincial  authorities  will 
do  all  possible  to  construct  main  roads  toward  mining  localities,  thus  further 
facilitating  transportation  for  those  enterprises  which  would  so  much  benefit 
the  province. 

We  are  now  entering  on  that  era  In  which  we  shall  no  longer  speak  of  min- 
ing prospects,  but  of  mines.  Hundreds  of  prospectors  have  come  and  gone. 
We  now  have  miners  and  mine  corporations  constructing  and  operating. 

There  have  been  544  mining  claims  located  within  the  province,  of  which  105 
have  been  located  in  the  past  year. 

The  Benguet  Consolidated  Mining  Company,  represented  by  Mr.  Eye,  a  min- 
ing engineer  from  Colorado  Springs,  Colo.,  with  a  capital  of  ^^00,000,  have 
almost  completed  a  new  plant  with  modem  equipment,  with  a  capacity  In  its 
cyanide  plates  and  stamp  machinery  of  about  60  tons  of  ore  per  day.  It  Is 
located  In  the  Antamok  mining  district,  and  In  their  ore  and  dirt  find  only  the 
one  mineral — gold. 

Ore  is  easily  crushed,  and  the  assays  average  $14.80  per  ton.  Mr.  Eye  reports 
this  to  be  an  Ideal  mining  country,  calling  my  attention  to  that  fact  which  will  In- 
terest practical  men  that  the  lay  of  the  country  Is  such  that  all  lodes  and  ledges 
may  be  tunneled,  doing  away  with  the  expensive  shaft,  and  that  In  consequence 
the  drainage  will  be  perfect,  without  the  expensive  annoyance  so  almost  uni- 
versally found  in  these  ventures.  The  tunneling  under  his  charge  and  direction 
has  reached  220  feet. 

In  this  same  district,  along  the  Antimok  River,  is  located  the  Bua  Mining 
Company.  This  company  is  organized  with  Manila  capital  on  a  basis  of  WOO,- 
000,  though  with  almost  unlimited  backing.  This  corporation  has  possession  of 
20  claims,  in  which  they  have  already  constructed  between  2,000  and  3,000  feet 
of  tunnel  and  shaft.  In  their  work  they  have  developed  8  paying  lodes,  assay- 
ing from  $6  to  $40  to  the  ton  and  finding  Intervening  streaks  of  high-grade  ore. 

Their  plans  for  the  coming  year  contemplate  the  construction  of  a  large  mill- 
ing plant,  as  they  are  thoroughly  convinced  of  the  richness  of  their  prospects. 

On  these  claims  are  clear  Indications  of  past  native  work,  showing  by  the 
Igorot  tunnels  that  gold  was  taken  from  here  under  the  Spanish  Government 
probably  a  century  ago.  Throughout  this  region  and  In  fact  throughout  the 
entire  province  sufllclent  water  for  milling  power  Is  readily  found. 

Also,  In  this  same  district  and  on  this  same  river  are  the  pioneer  miners, 
Clyde  and  Peterson.  I  may  say  these  are  also  among  the  pioneer  "  prospectors  " 
of  this  country,  but  I  speak  of  them  as  pioneer  miners  because  they  are  the 
first  who,  with  machinery,  extracted  gold  from  the  dirt  of  Benguet. 

These  men  made  their  o\^ti  mill,  with  its  stamp,  and  with  their  own  hands 
put  it  together  again  every  time  it  would  fall  apart.    It  was  a  crude,  flimsy 
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piece  of  machinery,  with  an  amalgamating  plate  so  small  that  it  would  ordi- 
narily be  considered  impracticable,  probably  about  2^  feet  long,  yet  with  their 
indomitable  energy  and  perseverance  these  men  worked  about  300  tons  of  ore 
through  this  little  mill,  extracting  about  $5  a  ton  and  saving  perhaps  60  per 
cent  of  the  gold  in  the  ore,  the  remaining  40  per  cent  being  left  on  the  dump. 

I  am  not  endeavoring  to  promote  the  mill  as  constructed  by  Peterson  and 
Clyde,  but  state  these  particulars  as  proof  of  the  richness  of  their  claims,  when, 
with  such  crude  machinery,  they  can  accomplish  so  much. 

Opposite  this  valley,  but  within  2  miles  of  these  workings,  is  the  mine  of  Mr. 
Kelly.  This  prospect  carries  with  it,  as  shown  by  its  assays  in  the  lode  which 
he  has  most  developed,  both  copper  and  gold,  averaging  between  $18  and  $20 
to  the  ton,  although  he  is  developing  another  lode  on  the  same  claim  that  has 
no  indications  of  any  other  mineral  than  gold  therein. 

He  has  between  700  and  800  feet  of  underground  work  done  and  finds  the 
richest  ore  so  far  about  200  feet  below  the  surface,  all  being  graded  tunnel 
work. 

On  the  old  Benquet  road,  perhaps  5  miles  in  an  air  line  from  the  Kelly  work- 
ings, is  the  Copper  King  mine,  George  A.  Mead,  principal.  The  assays  from 
this  mine  show  gold,  silver,  copper,  and  lead,  with  an  average  value  of  $20  per 
ton,  although  herein  have  been  found  small  seams  running  into  such  enormous 
assays  that  it  is  best  they  should  not  be  quoted.  Rich  in  quality,  but  small  in 
quantity. 

They  are  now  putting  in  a  three-stamp  mill,  with  a  capacity  of  5  tons  a  day. 
Throughout  the  district  included  by  the  Copper  King  there  is  fully  1,000  feet 
of  underground  work  accomplished.  There  is  no  company  connected  with  this 
mine,  it  being  developed  by  the  prospectors  who  first  discovered  it. 

I  have  thus  enlarged  upon  our  natural  resources  in  mineral  because,  after 
nearly  five  years'  residence  among  these  people  and  in  charge  of  this  province, 
I  am  becoming  entirely  convinced  that  there  is  an  astonishing  source  of  wealth 
awaiting  our  Government  through  the  yellow  metal  that  will  be  taken  from 
the  mountains  of  Benguet 

To  the  investor  I  do  not  think  that  this  field  will  be  in  any  sense  an  experi- 
m^it,  but  absolute  certainty  for  returns,  and  generous  returns  at  that.  All 
those  features  which  combine  to  make  mining  practicable  are  now  to  be  found 
here.  The  timber  necessary  for  the  tunnel  work  grows  on  every  claim.  It  is 
ample  and  easily  obtained.  Our  forests  are  of  pine,  found  in  three  different 
varieties,  growing  large,  straight,  and  in  most  mining  localities  to  the  height  of 
100  feet.  From  these  forests,  and  under  the  provisions  of  the  forestry  act,  the 
Benguet  Commercial  Company,  with  one  sawmill,  is  producing  that  timber 
which  is  necessary  for  the  construction  of  houses,  public  buildings,  and  bridges. 

Page  209. — ^ProTlnoe  of  Bulacan. 

MINERAL   RBSOUBCES. 

In  the  hills  near  San  Miguel  and  Angat,  especially  at  the  latter  place,  there 
are  several  iron  mines,  some  of  which  are  being  worked  on  a  small  scale,  only 
sufiScient  iron  l)eing  taken  out  to  supply  the  material  for  plowshares. 

Page  220. — ^Provinoe  of  Caplz. 

As  regards  mineral  resources,  there  has  been  no  development  along  that  line, 
though  it  is  hoped  that,  with  the  coming  of  the  railways,  the  day  will  not  be  far 
distant  when  such  development  will  take  place. 

Page  223. — Province  of  Cavite. 

NATURAL  BESOUBCES. 

There  is  a  good  quality  of  building  stone  found  along  the  banks  of  the  Mara- 
gondon  River,  equal  to,  and  perhaps  harder,  than  the  stones  of  Meycauayan, 
Bulacan  Province ;  or  of  Guadalupe,  Rizal  Province. 

There  are  undeveloped  chalk  mines  in  the  mountains  of  Magallanes.  Gold 
is  reported  to  have  been  discovered  on  the  property  of  one  Mareelino  Aure, 
ex-presidente  of  Mendez  Nufiez. 
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Page  ML— Froviaoe  of  Cebu. 


There  are  several  in  the  province.  The  most  important  are  coal  mines. 
Special  mention  is  made  of  those  at  I>anao  and  Composteia.  Some  companies 
liave  been  organized  to  develop  them,  certain  claims  having  been  worked  at 
the  two  places  mentioned  prior  to  the  revolution.  There  is  at  present  a 
paralyzation  in  mining  business.  Two  causes  have  contributed  thereto,  lack  of 
sufficient  capital  and  unsettled  conditions  as  to  peace.  As  tranquillity  has  been 
restored  to  Danao  and  Composteia,  steps  are  being  taken  to  organize  new 
companies  or  to  raise  capital  for  those  already  in  existence. 

One  of  the  coal  claims  at  Danao  has  a  tramway  built  right  to  the  coal 
d^)08ita  The  Composteia  corporation,  which  has  a  capital  of  ^400,000,  is 
gradually  working  its  four  claims  at  that  place.  The  quality  of  the  coal  at 
these  places  and  at  others,  such  as  Naga,  is  superior,  and  it  is  really  deplorable 
that  the  mines  are  not  worked  on  a  larger  scale.  The  railway  from  Danao  to 
Argao,  the  survey  for  which  will  be  completed  by  the  1st  of  October,  will  offer 
additional  facilities  to  persons  engaged  in  the  mining  business. 

Forty-four  applications  for  mining  claims  have  been  presented  during  the 
fiscal  year,  classified  as  follows : 

According  to  residence  of  applicants:  By  residents  of  Manila.  24 ;  by  reeid^its 
of  Cebu.  20. 

According  to  location  of  mines :  Danao,  24 ;  Naga,  18 ;  Carmen,  2. 

According  to  kind  of  mine:  Coal,  44. 

Page  273. — Province  of  Ilocos  Korte. 

MINES. 

Sixteen  locations  have  been  made  during  the  fiscal  year,  the  majority  of  them 
being  placer  mines,  though  some  are  asbestos  and  quartz.  The  others  are 
apparently  copper  mines.  Work  is  now  being  prosecuted  on  the  mines  of 
asbestos  and  mica  at  Bangui  and  Pasuquin  for  development  purposes. 

According  to  experts  in  the  matter,  a  large  number  of  mines  exist  in  the 
mountains  of  this  province  which  some  day,  when  developed,  will  doubtless  add 
greatly  to  the  wealth  of  the  province. 

Those  upon  which  development  work  is  progressing  at  present  to  a  certain 
extent  fJavor  the  laboring  class  living  in  the  pueblos  near  them. 

Page  2S2. — Province  of  Ilocos  Snr,  tnhproTince  of  Abra. 

MINEEALS. 

There  is  a  gold  deposit  at  Mount  Buyatan,  in  the  settlement  of  Lacub.  There 
are  two  coal  deposits,  one  at  Bacooc,  In  the  township  of  Lagangilang,  and 
another  at  Mount  Tayab,  in  the  municipal  district  of  Bangued.  There  are  two 
chalk  deposits,  one  in  Paganao,  in  the  township  of  Lagangilang,  and  another  at 
Mount  Pangpang  at  Villavieja,  municipality  of  Pilar. 

THERMAL   WATEBS. 

There  are  four  known  springs:  One  at  Mapaso,  in  the  township  of  Danglas; 
another  at  Mount  Bacao,  in  the  settlement  of  Sal-lapadan;  another  at  Mount 
Capanniquian,  in  Villavieja,  municipal  district  of  Pilar,  and  a  fourth  at  Mount 
Posoey,  in  the  township  of  Manabo. 

Page  810. — Province  of  La  Laguna. 

MINES. 

The  following  table  shows  the  mining  entries  that  have  been  recorded  under 
the  provisions  of  the  act  of  Congress  of  July  1,  1902,  since  my  last  report, 
which  showed  that  there  were  nine  mining  claims  in  the  province,  located  in  the 
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municipalities  of  Panguil,  Paete,  Calamba,  and  Lo»  Bafios,  of  which  only  the 
kaolin  mines  have  been  worked. 


MnnldpaUtles. 

Name  of  claim. 

Date  of  registration. 

OalftTniH^. 

Rosario 

Honotaro J 

Progreso 

Clrlaca 

Pa^Marla 

January  30, 1906. 

Do 

January  31, 1906. 

Lot  BaAos  . .  u 

Do. 

CalAn>hA 

February  7, 1906. 

Lo6  Ba^os 

Februaiy  23, 1906. 

Do 

Maroh6,1906. 

Na^Cfirlan . . 

Cabuyaw 

June  21/190& 

"Do 

Atimla 

Do.' 

niUfinihA 

T A  FortimA 

August  7, 1906. 

Page  318. — ^Provlnoe  of  Lepanto-Bontoo. 

MINING. 

There  have  been  no  new  developments  in  the  mining  industry  during  the  past 
year.  The  holders  of  claims  continue  to  do  their  assessment  work  and  are 
gradually  uncovering  more  copper  ore.  The  miners  are  no  less  enthusiastic 
over  their  prospects,  but  so  far  no  capital  has  been  attracted  to  the  development 
of  the  mines.  There  is  no  doubt  but  that  the  province  contains  a  large  body  of 
rich  copper  ore  in  the  neighborhood  of  Mancayan  and  Suyoc,  but  a  great  amount 
of  capital  is  needed  to  erect  a  smelter  and  provide  transportation,  probably  a 
railroad,  to  the  coast 

Page  837. — ^Province  of  Xisamis. 

MINERALS. 

There  can  be  no  doubt  that  in  the  island  of  Mindanao  and  within  the  prov- 
ince of  Misamis  gold,  iron,  copper,  platinum,  mercury,  aluminum,  coal,  and 
other  mineral  substances  are  to  be  found,  judging  by  the  discoveries  heard  from 
to  the  present  time. 

The  t>e8t  known  gold  mines  are  the  old  ones  situate  at  Plgtao,  Bugsoc,  Munl- 
gue,  Plggulugan,  and  Bantuanon,  about  15  miles  distant  from  the  provincial 
capital,  toward  the  center  of  the  island.  The  natives  engaged  in  working  these 
mines  use  very  crude  and  primitive  Implements. 

Recently  copper  has  been  discovered  at  the  place  called  Munlgue. 

However,  up  to  the  present  time,  though  the  existence  of  these  minerals  has 
been  proved,  none  of  the  persons  who  have  undertaken  to  develop  the  mines  on 
a  large  scale  has  been  fortunate  in  his  undertaking. 

The  gold  brought  down  in  small  quantities  l>y  some  of  the  inhabitants  of  the 
places  referred  to  Is  found  by  them  In  placers  In  email  quantities,  thou^  at 
times  nuggets  of  considerable  size  are  found. 

There  are  at  the  present  time  34  mineral  claims  recorded  in  the  office  of  the 
provincial  secretary,  4  of  which,  entered  on  June  22,  1906,  and  situate  at  Cama- 
yongan,  in  the  hills  of  Agusan,  at  a  distance  of  96  miles  from  the  mountain  of 
that  name,  are  a  new  dlscov^y. 

Page  888. — ^Province  of  Nneva  Edja. 

MINERAL  WEALTH. 

During  the  fiscal  year  9  gold  mines  have  been  entered  In  the  mining  record, 
5  by  Filipinos  and  4  by  Americans.  Four  of  these  claims  are  In  the  jurisdiction 
of  the  municipality  of  Penaranda  and  5  in  that  of  Gapan. 

From  May,  1892,  to  June  30,  1905,  17  mining  claims  were  recorded,  making  a 
total  of  26  lying  In  the  municipalities  mentioned. 

It  Is  known  that  there  are  Iron  and  copper  mines  in  the  province,  especially 
In  the  pueblos  of  the  north,  such  as  Pantabangan,  Carranglan,  and  Bongabon, 
but  no  claims  have  been  recorded  from  there  with  the  register  of  mines. 
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Among  the  mineral  resources  of  the  province  which  are  known  to  exist  are 
Biilphnr,  coal,  and  chalk,  though  none  of  them  have  been  worked. 

Page  454. — ^Province  of  Surigao. 

NATURAL    RESOURCES. 

Several  mining  claims  have  been  recorded  in  the  office  of  the  provincial  secre- 
tary, but  none  of  them  has  been  worked.  However,  In  some  of  the  pueblos  of 
the  province  gold  is  mined  by  old  methods. 

The  province  is  rich  in  gold  and  copper  mines ;  coal  has  also  been  discovered 
at  Tandag  and  in  the  island  of  Dinagat 

Page  458. — Province  of  Tarlao. 

Up  to  the  present  time  no  mines  have  been  discovered,  with  the  exception  of 
two  deposits  of  gypsum,  one  in  the  pueblo  of  Capas  and  the  other  in  the  ex  mu- 
nicipality of  La  Paz,  now  a  part  of  the  provincial  capital. 

Page  466. — ^Provinoe  of  Tayabas. 

MINERALS. 

The  number  of  mining  claims  recorded  during  the  fiscal  year  ending  June  30, 
1906,  was  as  follows : 


Class  of  mines. 

Location. 

Claims 
recorded. 

Qtiwio -              

PaffbOao. 

Number, 
2 

Coal 

P^o  . 

35 

PetPOleoiP 

Mnlf^ej, 

4 

Ltni€»8ton6 

PAffbUaif»                                       

1 

Placer 

do 

1 

Total 

43 

i 

The  Polillo  coal  has  been  tested  at  the  insular  ice  plant  with  satisfactory 
results. 

Clay  suitable  for  pottery  making  is  found  at  XJnisan,  Pitogo,  and  Casiguran, 
but  no  claims  have  been  recorded. 

Thermal  waters  of  reputed  medicinal  value  exist  in  the  municipalities  of 
Tayabas  and  Gasan.  The  former  are  known  as  the  Mainit  springs  and  the 
latter  as  the  Buenavista  or  Boac  springs. 

Page  482. — ^Province  of  Zambales. 

Mineral  wealth,  undeveloped  as  yet,  it  is  true,  is  of  great  value  in  this  prov- 
ince. Witness  the  conviction  of  many  prospectors  of  different  nationalities 
that  they  have  discovered,  among  others,  mines  of  coal,  cinnabar,  silver,  and 
gold.  Some  of  these  inhabitants  believe  that  they  have  located  coal  mines  and 
have  made  several  entries  in  the  provincial  secretary's  office. 


(From  Report  of  the  Philippine  Commiselon,   1907,  part  1.) 
Page  258. — ^ProTlnoe  of  Albay. 

NATURAL   RESOURCES. 

The  natural  resources  of  the  province  are  no  longer  secrets,  but  have  fre- 
quently been  the  topic  of  reports  and  of  articles  in  periodicals,  so  that  it  is 
unnecessary  to  mention  them  at  length. 
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The  coal  deposits  of  the  island  of  Batan,  however,  have  come  into  no  little 
prominence  only  recently,  and  it  would  be  remiss  not  to  advert  to  the  subject. 
Coal  is.  being  mined  In  Batan  and  ships  are  being  coaled  therefrom.  A  mine 
on  the  coast  owned  and  operated  by  private  parties  is  producing,  it  is  reliably 
reported,  70  tons  per  day,  and  merchantmen,  coast-guard  cutters,  and  other 
craft  to  the  number  of  22  are  buying  the  coal  they  consume  from  this  mine, 
which  is  giving  satisfaction. 

Up  to  the  present  time  coal  mined  In  Batan  Is  of  the  surface  variety,  but  as 
the  tunneling  progresses  beyond  the  quality  becomes  better,  and  ere  long  it 
should  be,  as  tests  heretofore  made  determine  It  to  be,  the  equal,  if  not  the  supe- 
rior, of  Australian  and  Japanese  coals. 

In  some  respects  it  is  unlike  any  other  bituminous  coal,  if  it  may  be  thus 
classified.  It  reduces  to  a  fine  white  ash  under  heat,  forms  no  clinkers,  and 
vapor  rather  than  smoke  escapes  from  its  combustion.  It  has  to  be  used  dif- 
ferently from  any  other  coal  and  should  be  banked  in  the  furnace  and  kept 
banked ;  under  no  circumstances  should  it  be  stoked.  The  furnace,  furthermore, 
should  be  provided  with  fine  grate  bars  close  together. 

Its  cleanliness,  cheapness,  and  tremendous  heating  capacity  commend  It  to 
mariners  especially,  and  in  time  It  Is  confidently  thought  bunkers  will  require 
no  more  space  for  a  supply  of  Batan  coal  for  a  voyage  of  any  particular 
number  of  days  than  is  now  required  for  Australian  coal,  the  difference  at 
present  being  about  20  or  25  per  cent  against  Batan  coal,  which  difference  is 
more  than  made  up  in  the  low  cost  of  Batan  coal,  the  same  being  furnished  on 
board  ship  at  W.50  per  ton.  Compared  with  Japanese  coal,  10  per  cent  less 
in  bulk  is  required  for  steaming  any  given  number  of  days,  the  strongest  imag- 
inable argument  why  there  should  be  no  delay  in  making  arrangements  to  coal 
transports  from  the  Batan  mines  when  the  military  branch  of  the  Government 
shall  be  ready  to  do  so  from  its  reservation,  and  meantime  from  existing  mines 
if  their  output  be  sufficient. 

The  military  branch  of  the  Government,  on  or  about  the  first  of  the  year,  paid 
the  purchase  price  of  ^00,000  for  certain  lands  in  Batan  bought  by  it  from  two 
residents  of  Albay,  and  Congress  declared  it  to  be  a  reservation.  Congress  neg- 
lected, nevertheless,  to  make  an  appropriation  to  mine  and  develop  its  coaJ 
interests,  and  only  lately  has  the  division  commander  managed  to  secure  per- 
mission to  explore  this  possession.  No  doubt  the  rumors  of  probable  war  with 
Japan  impressed  officials  at  Washington  with  the  grave  risk  taken  over  here  in 
not  having  a  huge  coal  pile  in  the  sole  control  of  the  United  States  Government 

The  island  of  Batan  is  reached  by  the  way  of  San  Bernardino  Strait  or  by 
Rapu-Rapu  Strait.  The  Coast  and  Geodetic  Survey  discovered  and  has  indicated 
on  charts  a  narrow  but  very  deep  channel  through  each  to  Legaspi,  passing  the 
island  of  Batan.  Both  of  these  straits  are  vast  networks  of  reefs,  and  be- 
fore the  present  channels  were  discovered  and  indicated  on  the  maps  it  was 
difficult  and  even  dangerous  to  enter  either.  In  case  of  war  these  self-same 
reefs  might  be  turned  Into  natural  defenses,  and  with  the  aid  of  artificial  de- 
fenses and  explosives  entrance  through  either  one  of  these  straits  could  be  easily 
and  completely  blocked,  and  that,  too,  without  the  expenditure  of  either  much 
time  or  labor. 

Batan  is  but  18  miles  distant  from  the  course  traveled  by  the  transports  be- 
tween Manila  and  San  Francisco.  Once  the  Government  has  its  mines  in  opera- 
tion, no  trouble  will  be  experienced  in  coaling  transports  in  one  of  the  harbors 
of  the  island  of  Batan  instead  of  at  Nagasaki.  Moreover,  the  two  days  lost  in 
going  to  Nagasaki  for  coal  will  be  recovered  and  the  journey  between  the 
Islands  and  the  United  States  reduced  to  a  like  extent. 

Batan  has  a  number  of  very  good  ports.  Coal  Harbor  is  the  best  because  the 
largest,  and  it  can  afford  anchorage  for  several  of  the  deepest  seagoing  ships  at 
the  same  time.  Coal  Harbor,  which  was  lately  discovered  and  cliarted  by  the 
Coast  and  Geodetic  Survey,  abuts  the  military  reservation.  There  are  also 
some  smaller  deep-water  harbors  well  protected  against  both  monsoons. 

As  the  outlook  is  for  the  development  of  Batan  coal  into  an  industry  of  con- 
siderable magnitude,  it  should  be  accorded  the  hearty  encouragement  of  the 
civU  branch  of  the  Government  and  should  not  suffer  from  indifference.  ^The 
coal-claim  law  should  be  amended  so  that  the  outlay  of  a  large  amount  of 
money  by  individuals  or  companies  to  perfect  a  claim  would  not  be  necessary. 
A  claim  in  the  island  of  Batan  contains  64  hectares.  To  secure  a  patent  the 
charge  is  W,400  or  W,200,  depending  upon  the  distance  the  director  of  public 
lands  may  hold  Legaepi,  the  nearest  port,  is  from  the  claim  sought  to  be  per- 
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fected.  In  either  case  the  cost  is  too  high  to  Induce  persons  to  explore  and 
develop.  There  are  outcroppings  throughout  the  island,  it  is  true,  but  the  best 
stratum  of  the  coal  is  far  below  the  surface,  necessitating  shafting,  with  invest- 
ment in  costly  machinery;  and  not  every  hole  sunk  will  locate  veins  that  will 
prove  facile  and  profitable. 

The  Government  through  its  branches  expends  a  great  deal  of  money  annually 
for  coal,  and  all  of  this  money  is  sent  out  of  the  country.  If  it  shall  be  kept 
here  it  will  constitute  no  small  contribution  to  the  era  of  prosperity  so  long 
promised  and  so  patiently  waited  for  by  Filipinos  and  Americans  alike. 

Page  875. — ^ProTinoe  of  Batangas. 

NATURAL   WEALTH. 

There  have  be^i  filed  23  applications  for  the  registration  of  mining  claims; 
of  these  18  are  located  in  the  municipality- of  San  Juan  de  Bocboc,  1  at  Lobo,  2 
at  Bauan,  and  2  at  the  provincial  capital,  Batangas,  the  applicants  for  the  20 
claims  first  mentioned  being  Americans,  and  for  the  others  Filipinos. 

The  20  applications  filed  first  do  not  specify  the  kind  of  the  claim ;  but  as  to 
the  others,  2  at  Bauan  are  for  placer  mines,  and  tliat  at  Batangas  for  a 
guano  deposit 

Page  281. — ^Province  of  Benguet. 

MiNmo. 

This  year's  report  is  the  first  to  tell  of  mining  in  the  province  of  Benguet. 
Heretofore  it  has  been  theory,  prospects,  assays  of  samples,  hopes  and  fears. 
Now  the  experiment  has  been  tried,  modern  machinery  has  been  introduced 
and  modem  methods  employed  with  results  encoui^ging  if  not  satisfactory. 
The  first  year  In  any  enterprise  Is  usually  accompanied  with  many  discourage- 
ments, and  when  at  a  long  distance  from  the  base  of  supplies  discouragements 
multiply. 

At  the  time  of  the  preparation  of  my  last  report  the  Benguet  Consolidated 
Mining  Company  was  busy  installing  the  Hendy  three-stamp  mill  and  cyanide 
plant,  with  a  water  system  to  furnish  power  for  operating  the  mill.  The  stamps 
were  put  in  operation  early  in  September,  working  at  first  on  material  from  the 
dump.  The  cyanide  plant  was  not  put  In  commission  until  near  the  end  of  the 
year,  owing  to  delay  In  getting  duplicates  for  certain  necessary  parts  that  were 
lost  In  transit.  Work  was  begun  on  reopening  the  mine  and  starting  further 
development  work  therein  early  In  September.  Until  this  was  well  started  the 
operation  of  the  mill  was  somewhat  Intermittent,  but  since  the  first  of  January 
the  mill  has  been  operated  steadily  night  and  day  on  ore  taken  from  the  mine 
in  the  course  of  development  work  only,  and  the  proceeds  have  been  more  than 
sufficient  to  pay  for  all  operating  expenses,  inclusive  of  all  development  work, 
fixed  charges,  etc.,  and  a  very  considerable  margin  left  to  apply  on  improve- 
ments. A  new  mill  of  three  stamps  has  been  purchased  and  is  on  the  ground 
ready  for  erection.  Material  is  arriving  for  a  slimes  plant,  and  two  more  leach- 
ing tanks  are  being  ordered  for  the  cyanide  plant 

The  yield  of  gold  since  the  mill  started  is  about  $17,500,  United  States  cur- 
rency. 

The  cost  of  operating  is  less  than  $3.50  per  ton  mined  and  milled,  including 
cost  of  development,  assaying,  supervision,  etc.,  on  a  basis  of  450  tons  per 
month  mined  and  milled. 

There  has  been  about  1,270  feet  of  development  work  done  in  the  Minnesota 
mine  alone  during  the  year,  of  which  about  450  feet  is  tunneling  and  drifting  on 
ore,  170  feet  of  crosscuttlng.  and  330  feet  of  shafts,  raises,  and  winzes,  all  in 
ore.  As  a  result  a  great  deal  of  pay  ore  has  been  blocked  out,  enough  to  assure 
the  operation  of  the  property  for  some  time  to  come,  even  were  there  to  be 
no  more  ore  put  In  sight.  But  more  pay  ore  Is  being  continually  put  in  sight, 
and  the  results  of  the  work  are  very  gratifying. 

The  Nels  Peterson  mine  produced  $3,500  in  gold  in  three  months'  time  actu- 
ally employed,  and  Mr.  Hansen,  who  put  in  a  water-power  stamp  mill  on  the 
Copper  King  property  Just  at  the  close  of  the  last  rainy  season,  and  who  only 
had  about  a  ten  days'  run,  reports  obtaining  the  happy  result  in  that  short 
period  of  M,000  worth  of  gold. 

The  Bua  Mining  Company  have  a  six-stamp  mill  on  the  ground  and  nearly 
ready  for  opera.t|on,    James  Kelly  expects  his  machinery  next  year. 
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There  have  been  102  mining  claims  filed  this  year.  Prospectors  are  finding 
favorable  mineral  ground  In  new  localities,  and  old  prospects,  especially  in 
Lubang  district,  are  l)eing  developed  to  the  point  where  mining  machinery  may 
be  profitably  introduced. 

For  claims,  field  and  registry  fees  for  assessment  worlc  done,  the  province 
has  received  W28. 

Page  289. — ^Province  of  Bnlaoan. 

During  this  year  two  guano  deposits  were  discovered,  one  located  at  Bahay 
Panique,  in  the  interior  of  the  mountain  of  Biacnabato,  in  the  municipality  of 
San  Miguel,  and  the  other  at  Slbul  (Norzagaray),  municipality  of  Angat 

No  mineral  discoveries  have  been  made  except  those  already  recorded  in 
previous  reports.  These  are  all  iron  mines,  the  output  of  which  for  the  pres- 
ent is  only  sufficient  to  supply  points  for  plows  and  blades  for  arms. 

Page  801. — Province  of  Gapiz. 

NATURAL   BESOURCES. 

The  forests  are  still  unexploited  for  want  of  transportation,  and  the  same 
may  be  said  as  to  mineral  resources. 

Page  304. — Province  of  Cavlte. 

MINES. 

Up  to  the  present  time  it  is  not  known  officially  that  there  are  any  mines 
In  the  province.  I  have  private  information  of  gypsum  mines  in  the  mountains 
of  Magallanes  and  of  gold  mines  at  Mendes-Nufiez.  but  the  mines  are  on  the 
lands  of  Sefior  Marcelino  Aure,  the  ex-municipal  president  thereof. 

Page  310. — Province  of  Hocos  Norte. 

MINING. 

Twenty  mining  claims  have  been  registered  during  the  last  year,  and  16 
claims  registered  previously  are  waiting  to  be  worked.  The  majority  of  the 
claims  registered  are  for  asbestos  mines,  and  the  rest  for  manganese. 

Page  816. — Province  of  Hocos  Sur. 

NATURAL    RESOURCES. 

The  natural  resources  of  this  province  are  very  .nsignificant.  Until  the 
present  writing  no  mines  have  been  discovered  except  some  gypsum  deposits 
in  the  mountains  in  the  northern  part. 

Page  820. — Sabprovlnce  of  Abra. 

NATURAL    RESOURCES. 

The  entire  superficial  area  of  this  subprovince  is  covered  with  a  thick  and 
luxuriant  vegetation,  the  natural  consequence  of  the  fertility  of  its  soil,  and  is 
encircled  with  woods,  mountains,  and  mighty  rivers.  The  forestry  resources 
are  the  most  Important.  There  are  a  great  variety  of  timbers  suitable  for  con- 
struction and  for  the  manufacture  of  furniture.  In  regard  to  minerals,  it  is 
said  that  there  is  a  gold  mine  at  Mount  Buyatan  in  the  rancheria  of  Lacub; 
two  coal  mines,  one  at  Bacooc  in  the  township  of  Langangilang  and  the  other 
at  Mount  Tayab  in  the  municipality  of  Bangued.  Two  gypsum  deposits  are 
known,  one  at  Paganao,  in  the  township  of  Langangilang  and  the  other  at 
Mount  Pangpang,  at  Vlllavieja,  in  the  municipal  district  of  Pilar.  As  to  thermal 
waters,  there  are  four  known  springs^-one  at  Mapaso,  in  the  township  of 
Dauglas;  one  at  Mount  Bacao,  near  the  rancheria  of  Sal-lapadan;  another  at 
Mount  Capannlguin,  in  Vlllavieja,  and  the  other  at  Mount  Poseuey,  near  the 
township  of  M&nabo.  There  are  a  great  variety  of  textile  palms  and  resinous, 
dye,  and  medicinal  plants. 
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Page  330. — Province  of  Isabela. 

In  the  former  pueblo  of  Santo  Tomas,  now  a  barrio  of  Oabagau  Nuevo,  there 
are  gypsum  deposits  which  nobody  has  thought  of  registering  or  working  up. 
No  mines  have  been  found  or  registered. 

Page  851. — ^Province  of  Lepanto-Bontoo. 

The  mineral  resources  of  this  province  have  been  commented  on  often,  yet 
few  persons  realize  the  extent  of  the  mineral  wealth  found  here.  There  are 
extensive  copper  deposits  and  also  considerable  gold  in  the  Mancayan-Suyoe 
region.  Miners  and  prospectors  have  appreciated  this  fact  from  the  time  of 
the  American  occupation,  as  is  evidenced  by  their  covering  the  region  with  loca- 
tion stakes.  Up  to  date  290  claims  have  been  recorded.  Some  of  these  claims 
have  been  abandoned,  and  several  prospectors  have  left  the  region,  discouraged 
no  doubt  by  their  failure  to  attract  capital  to  develop  the  mines.  But  during 
the  i)ast  year  mining  interests  have  received  an  increased  impetus  by  reason  of 
the  formation  of  a  company  consisting  chiefly  of  Manila  business  men  to  exploit 
the  mines.  As  a  result  83  new  claims  have  been  recorded  and  the  miners  who 
have  stuck  by  their  prospects  In  spite  of  discouragements  and  failure  are 
exceedingly  hopeful  for  the  future.  The  company  proposes  to  enlist  English 
and  American  capital,  erect  a  smelter,  and  build  an  automobile  road  to  the 
coast  It  is  a  big  proposition,  but  no  one  familiar  with  it  doubts  but  that  it 
will  yield  enormous  returns.  The  ore  Is  there,  large  quantities  of  it,  and  the 
company  already  controls  some  excellent  mines.  Including  those  so  successfully 
worked  under  Spanish  regime.  In  all  probability  the  next  five  years  will  see 
a  prosi)erous  mining  camp  established  In  the  Mancayan  region. 

Page  354. — ^Province  of  Mindoro. 

During  the  month  of  April  last  I  crossed  the  island  from  Subaan  to  Mamburao 
and  Magaraii  to  Bongabon,  and  if  I  ever  did  possess  any  patience  with  poverty 
in  Mindoro  I  lost  it  on  that  trip.  A  plea  of  i)overty  or  hunger  on  this  island 
should  be  taken  as  proof  positive  of  vagrancy  and  punished  without  mercy. 

On  the  northern  trip  we  found  excellent  timber,  bejuco,  and  other  valuable 
vines.  We  passed  down  for  more  than  an  hour  through  a  canyon  cut  through 
beautiful  white  marble,  and  found  a  few  Americans  not  6ir  from  this  coast 
getting  gold.  I  doubt  if  these  were  making  expenses,  but  it  is  there,  and  I 
believe  in  plenty,  a  few  miles  above  their  camp.  Where  we  found  the  marble 
the  country  is  hardly  accessible,  but  I  l)elleve  the  same  vein  runs  to  the  vicinity 
of  Abra  de  Ylog;  if  so,  it  can  easily  be  handled  from  there.  It  is  certainly 
worth  looking  into. 

**♦♦♦♦♦ 

On  the  southern  trip — Magaran  to  Bongabon — we  passed  through  an  open 
country,  easily  accessible  to  Mangarin  Bay  (an  excellent  harbor),  which  could 
supi)ort  50,000  cattle  the  year  round.  There  are  many  hundred  wild  cattle 
carabao,  tamarao,  and  deer.  A  man  with  patience  could  undoubtedly  catch 
many  of  these  cattle  and  carabo  by  means  of  salt  licks,  gradually  fencing  them 
in  until  the  animals  would  enter  the  open  gate  without  suspicion. 

On  the  banks  of  the  Cayacyan  River,  an  Inland  stream,  we  found  an  excel- 
lent clay  from  which  the  Mangyans  (there  known  as  Batanganes)  make  a  rather 
pretty  little  pipe.  (These  same  Batanganes  are  the  far-famed  "White  Tribe," 
so  white  that  charcoal  would  make  anything  but  a  black  mark  on  them.) 

Page  862. — Province  of  Misamis. 

The  soil  is  rich  in  minerals.  The  existence  of  gold,  platinum,  iron,  copper, 
mercury,  aluminum,  and  other  minerals  has  been  confirmed,  but  so  far  there 
have  not  been  any  miners  who  have  been  satisfied  with  the  result  of  their  work. 

In  addition  to  the  34  mining  claims  registered  in  previous  years,  9  have  been 
registered  recently. 

Page  439. — ^Province  of  Pangasinan. 

During  the  fiscal  year  1907,  15  mining  claims  were  registered,  making  a  total 
of  80  claims  registered  since  the  establishment  of  civil  government. 
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Page  464. — ^Province  of  Sorsogon. 

NATURAL  BESOURCES. 

The  topographical  condition  which  is  volcanic,  mountainous,  and  broken, 
shows  that  it  must  have  natural  wealth,  which  may  mean  large  profits  to  the 
capitalists  if  properly  exploited. 

As  to  minerals,  we  have  coal,  marble,  gypsum,  and  sulphur.  The  sulphur 
is  found  on  the  slopes  of  the  Bulusan  volcano,  but  I  am  informed  that  it  is 
difficult  of  access,  for  the  reason  that  the  volcano  is  not  completely  extinct,  and 
exhales,  at  the  place  where  the  sulphur  is  found,  large  quantities  of  asphyxiat- 
ing vapors,  which  have  given  trouble  to  many  hunters  who  have  ventured  to 
those  heights. 

Page  475. — Provinoe  of  Snrigao. 

MINERALS. 

Gold  has  been  discovered  in  the  mountains  of  Gagpanhi,  Tublion,  and  Lahl, 
within  the  Jurisdiction  of  Cantilan;  in  the  sitio  of  Malsud,  Dinagat;  In  the 
barrio  of  Malixi,  and  the  mountain  of  Dinata,  Illnatuan;  in  Cansuran,  Anao- 
aon,  and  Nonoc,  Surigao;  in  Campiftn,  Balibayon,  Layap,  Mahaba,  Tiuab- 
ingan,  Cantuad,  Bayatacan,  Taybontabon,  Suyoc,  Papasu,  Cano-os,  Oacatan, 
Danao,  Tinag-an  and  Ta-as,  Placer. 

Coal  is  found  in  Sinagahain,  Banacan,  and  Taga,  Tandag;  In  Bisllg,  Hlna- 
tuan;  and  In  Loreto,  Dinagat. 

Iron  and  sulphur  are  found  in  Mapasu,  Placer. 

It  is  said  that  marble  has  been  discovered  on  the  Island  of  Linougao,  which 
Is  opposite  Tandag. 

Gypsum  has  also  been  found  In  Tandag  and  Dinagat. 

From  the  year  1902  up  to  the  present  time  71  mineral  claims  have  been 
registered,  the  owners  or  locators  of  which,  as  a  rule,  have  already  lost  their 
rights  to  the  property  by  failure  to  comply  with  the  provisions  of  the  law  In 
regard  to  the  annual  assessment  work. 

From  some  of  the  mines  of  Surigao  and  Placer  the  natives  obtain  gold  in 
the  manner  employed  In  very  early  times. 

Page  489. — Province  of  Zambales. 

The  mineral  wealth  of  Zambales,  If  exploited,  would  put  the  province  In 
good  condition  financially.  There  are  valuable  mineral  deposits  in  its  soil, 
which  have  already  been  located  and  recorded  in  the  office  of  the  provincial 
secretary,  there  being  coal,  silver,  gold,  etc.,  an  abundance  of  amianth,  and 
sulphur  of  very  good  quality.  During  the  fiscal  year  an  asbestos  mine  has 
been  recorded,  so  that  there  are  at  present  10  mining  claims  recorded  in  this 
province. 


[From  Report  of  the  Philippine  Commission,   part  2,  1908.] 

ProTince  of  Agnsan. 

SubproTince   of  BukldBon. 

Tracefl  of  placer  gold  have  been  found  In  several  rlvera 

Province   of  Albay. 

Minerals. — ^The  only  coal  mines  of  the  several  In  the  various  parts  of  the 
province,  which  are  now  being  worked,  are  those  of  the  islands  of  Batan  and 
Rapu-Rapu.  Geologists  who  have  analyzed  the  coal  taken  from  these  mines 
have  given  a  favorable  opinion,  declaring  that  it  competes  in  quality  and  class 
with  that  of  other  countries.  The  exploitation  of  coal  mines  is  awakening  a 
great  deal  of  interest  In  the  province,  and  during  this  fiscal  year  32  coal  claims, 
all  of  which  are  at  present  being  worked,  have  been  recorded. 
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Thermal  springs  exist  in  the  municipality  of  Tiwi  and,  according  to  the  testi- 
mony of  many  patients  who  have  been  cured  by  the  use  of  their  waters,  have 
undisputable  medicinal  qualities,  it  is  believed  that  the  establishment  of  baths 
there,  as  at  Sibul,  would  give  completely  satisfactory  results. 

Subprovince  of  Gatanduanes.  ^ 

Mines. — There  are  gold,  coal,  and  gypsum  mines,  which,  however,  are  not 
being  operated. 

Province  of  Bataan. 

NATUBAI.    RESOURCES. 

The  stone  quarries  of  Sislman,  Mariveles,  are  worthy  of  mention,  and  the 
stone  as  quarried  by  the  Atlantic,  Gulf  and  Pacific  Company  is  good  material 
for  the  construction  of  wharfs,  street  pavement,  etc. 

Province  of  Benguet. 


During  the  past  year  33  applications  for  patents  for  mines  have  been  filed 
and  331  mining  claims  have  been  recorded.  The  mining  fees  were  ?1,668. 
There  are  18  stamps  in  operation — 6  each  at  the  Bua  and  Benguet  Consolidated 
and  3  each  at  the  Copper  King  and  Camote.  The  Bua  Mining  Company  reports 
cleaning  up  W0,000  worth  of  gold  for  the  month  of  June.  The  Benguet  Con- 
solidated are  taking  about  35  ounces  of  free  gold  off  their  plates  each  week  in 
addition  to  their  cyanide  returns.  New  mills  are  ordered  for  the  Headwater 
Group  and  Camote,  and  every  Indication  points  toward  greatly  increased  ac- 
tivity in  the  mining  industry  the  coming  year. 

Province  of  Bnlaoan. 

NATURAL    RESOURCES. 

The  working  of  the  iron  mines,  mentioned  in  my  previous  annual  reports, 
continues  in  its  primitive  state  of  development,  and  unless  large  capital  comes 
to  its  aid  the  utilization  of  this  wealth  will  continue  stationary. 

No  other  iron  mine  nor  any  other  metal  whatever  has  been  discovered  this 
year,  while  on  the  other  hand  6  guano  beds  were  located  in  Norzagaray,  mu- 
nicipality of  Angat 

In  addition  to  the  mineral  waters  from  the  Sibul  Springs,  municipality  of 
San  Miguel,  the  fame  and  celebrity  of  which  are  well  known  throughout  the 
whole  archipelago,  there  should  be  mentioned  the  healthful  mineral  waters 
which  flow  from  the  Norzagaray  Sibul  Springs,  which  possess  different  chem- 
ical properties,  although  almost  identical  with  those  of  Sibul,  San  Miguel. 
This  spring  is  situated  in  a  place  favored  by  a  better  topographical  position 
than  that  of  the  Sibul,  San  Miguel.  The  water  from  the  Marilao  artesian 
well  is  acquiring  great  fame  as  being  medicinal  for  diseases  of  the  stomach. 

Province  of  Cagayan. 

NATURAL    RESOURCES. 

As  to  minerals  no  definite  information  can  be  given  since  the  natives  have 
little  inclination  for  this  industry,  and  there  is  no  capital  to  risk  in  this  class 
of  undertaking. 

Province  of  Gavlte. 

Mines, — There  is  no  official  information  of  the  existence  of  any  mines,  al- 
though private  information  shows  deposits  of  gypsum  in  the  pueblo  of  Magal- 
lanes  and  of  copper  in  Mendez  Nunez,  but  until  the  present  writing  nobody  lias 
done  any  work  toward  their  exploitation.  There  are  small  traces  indicating  the 
existence  of  these  mines,  but,  as  I  have  already  stated,  no  person  has  so  far  gone 
to  the  trouble  of  doing  any  work  thereon. 
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Provinoe  of  Cebu. 

As  to  mines,  the  following  table  will  show  the  progress  made  during  the 
year.® 

Province  of  Ilocos  Norte. 

Minerals, — During  the  fiscal  year  10  mining  claims  were  recorded  in  this 
office,  as  follows : 

Clam  of  mineral. 


Ocher 

Manganese 

Placer  mine,  undamiHed 

Do I  Bangui . 


Total. 


Up  to  the  present  time  the  only  exportiition  from  these  mines  has  been  that 
of  manganese  at  K4  a  ton,  although  there  was  formerly  recorded  exports  of 
asbestos  from  mines  at  ^0.50  a  cavan,  lime  at  1K).20  a  cavan,  and  chalk  at 
1K).60  a  cavan,  Pasuquin  having  been  the  town  of  their  origin. 

It  is  confidently  asserted  that  there  is  a  16-carat  gold  mine  at  Piddig,  but  up 
to  the  present  time  it  has  not  been  located,  and  there  is  a  report  that  in  the 
jurisdiction  of  Batac  are  many  mines  of  different  Icinds,  such  as  iron,  yellow 
ocher,  marble,  alabaster,  etc.,  but  no  locations  have  been  recorded. 

ProTlnce  of  Ilocos  Sur. 

NATURAL   BESOUBCES. 

This  province  has  at  present  very  few  natural  products,  but  gypsum  in  the 
mountains  of  the  northern  part  of  the  province  and  the  quarries  in  the  moun- 
tains of  San  Esteban,  Santiago,  in  the  southern  part,  should  be  mentioned. 

Subprovince  of  Abra. 

NATURAL    WEALTH. 

With  regard  to  minerals,  it  is  said  there  are  deposits  of  gold  in  Mount  Buya- 
tan,  of  the  settlement  of  Lacub,  and  two  coal  deposits,  one  In  Bacooc,  of  the 
township  of  Langangilnng,  and  the  other  in  Mount  Pangpang  de  Villavieja, 
trict  of  Bangued.  Two  deposits  of  gypsum  are  known,  one  in  Paganao,  of  the 
township  of  Langangilang,  and  the  other  in  Mount  Pangpang  de  Villavieja. 
municipality  of  Pilar.  Of  thermal  springs,  four  are  known— one  in  Mapaso,  of 
the  township  of  Danglas;  another  in  Mount  Cacao,  of  the  settlement  of  Sala^ 
padan;  another  in  Mount  Capanniquian  de  Villavieja,  and  another  In  Mount 
Posuey,  near  the  township  of  Manabo. 

Province  of  HoUo. 

INDUSTBIES   AND   MANUFAGTUBE8. 

Salt, — There  are  in  the  province  four  salt  works,  of  brick  and  cement,  which 
are  producing  a  considerable  quantity  of  salt  and  have  caused  a  decrease  in 
the  importation  of  this  article  from  China.  Aside  from  these  four  establish- 
ments which  we  can  call  salt  factories,  there  are  numerous  salt  pits  in  the 
pueblos  of  the  south  of  this  province,  where  obsolete  methods  are  used  for 
making  this  article  by  means  of  the  cafia  esplna,  but  which  produces  a  con- 
siderable quantity  of  it,  so  that  the  pueblos  where  these  salt  pits  are  estab- 
lished do  not  buy  salt  from  elsewhere. 

■  A  table  showing  the  register  of  record  locations  of  mining  claims  in  the  Province  of 
Cebu  for  the  fiscal  year  1908  has  been  omitted  and  is  on  file  in  the  Bureau  of  Insular 
Affairs,  War  Department. 
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Lime, — There  are  many  limekilns,  the  majority  on  the  island  of  Guimaras, 
which  furnish  lime  to  the  entire  province  of  Hollo  and  to  many  of  the  pueblos 
of  Occidental  Negros. 

The  method  followed  is  the  old  one  of  burning  the  stone  in  the  liiln  for  a  cer- 
tain number  of  hours,  and  in  this  way  good  lime  is  obtained,  which  is  used  by 
the  planters  in  the  manufacture  of  sugar  and  by  the  pueblos  in  the  construc- 
tion of  buildings. 

Bricks. — There  are  at  present  two  brickyards  situated  in  the  municipality  of 
Iloilo,  which  supply  the  entire  province  and  the  province  of  Occidental  Negros, 
and  seem  to  be  a  good  source  of  revenue  to  their  proprietors.  It  may  be  said 
that  none  of  the  bricks  used  in  the  province  of  Iloilo  are  imported,  and  that 
all  come  from  the  two  brickyards  mentioned. 

Province  of  Isabela. 

There  are  gypsum  deposits,  but  up  to  the  present  nobody  has  thought  of 
developing  them. 

No  other  minerals  are  known  and  no  mining  claims  have  been  registered. 

Province  of  Lepanto-Bontoo. 

MINING. 

I  regret  to  be  unable  to  report  any  new  developments  In  the  mining  situation. 
An  expert  representing  a  Boston  syndicate  spent  several  weeks  here  looking 
over  the  properties  of  the  liepanto  Mining  Company  and  has  returned  to  the 
States.  While  his  reijorts  are  believed  to  have  been  favorable  as  regards  the 
copper  prospects,  nothing  definite  has  been  made  public.  The  Lepanto  Mining 
Company  has  made  no  payments  on  its  options  and  has  not  undertaken  any 
work  under  its  franchise  to  build  a  road  to  the  coast. 

Mine  owners  are  confident  that  sooner  or  later  developments  will  come.  The 
ore  is  here,  and  but  for  the  financial  panic  and  drop  in  the  price  of  copper  it 
is  thought  that  the  copper  properties  would  have  been  bought  up  before  this. 
Under  favorable  circumstances  capital  Is  bound  to  be  attracted  to  the  develop- 
ment of  these  mines. 

The  Igorots  continue  to  mine  in  their  primitive  way  the  Suyoc  gold  depsoits, 
and  it  is  estimated  they  take  out  from  1,000  to  1,500  ounces  of  gold  every  year. 
The  larger  part  of  it  is  sold  in  Baguio,  and  thus  the  province  of  Benguet  gets 
the  credit  for  its  production. 

Province  of  Leyte. 

Sulphur  and  gypsum  mines  are  known  to  exist  at  Naval,  gypsum  mines  at 
Barugo,  and  sulphur  mines  at  Burawen  and  Caybiran.  They  are  still  unex- 
ploited. 

Province  of  Mindoro. 

MINERALS. 

Mindoro,  long  the  field  for  those  in  search  of  the  precious  metal,  gold,  is  be- 
ginning to  yield  her  share.  The  Binabay  River,  the  extreme  right  branch  of  the 
Baco,  gives  brightest  promise.  Many  claims  have  been  staked  along  its 
course  and,  of  the  lonely  prospectors  who  have  worked  ui)on  this  stream,  some 
have  taken  out  sufficient  to  make  fair  wages,  while  others  have  not  l)een  so 
successful.  Nuggets  of  gold  one-half  of  an  inch  in  diameter  are  not  uncom- 
mon. It  seems  likely  that  the  application  of  hydraulic  power  to  these  places 
will  yield  excellent  profits.  Gold  has  also  been  reported  from  the  headwaters 
of  the  Bongabon  and  the  Magasnwantubig  rivers. 

In  the  low  mountain  region  just  north  and  west  of  Bulalacao,  Mindoro,  a 
fair  grade  of  bituminous  coal  has  been  found  to  occur  quite  generally.  Many 
claims  have  been  taken  uj)  in  this  vicinity,  and  should  the  coal  prove  to  be 
of  good  quality  it  is  sufficiently  near  the  sheltered  harbor  of  Bulalacao  to  be 
transported  over  the  level  river  valley  to  the  beach  at  that  place  and  sold  at 
a  profit.  There  is  sufficient  timber  of  good  grade  upon  near-by  hills  for  the 
development  of  these  mines. 

White  marble  was  reported  from  the  mountain  region  northwest  of  Mount 
Halcon  by  ex-Governor  Offley.  Slate  and  signs  of  coal  have  been  seen  around 
the  headwaters  of  the  Pngbahan  and  other  rivers  on  the  west  coast. 
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At  best  any  statement  regarding  mineral  resources  must  at  present  be 
largely  speculative.  The  gold  and  coal,  however,  offer  promise  for  future 
development.  Other  minerals  found  here,  the  extent  of  the  deposits  of  which 
is  as  yet  unknown,  are  copper,  gypsum,  guano,  sulphur,  and  alum. 

Provinoe  of  Kisamis. 

NATUBAL  RESOURCES. 

We  repeat  that  this  province  ought  to  figure  among  the  leaders  in  forestal 
and  mineral  wealth. 

The  soil  covers,  if  not  all,  the  greater  number  of  the  important  minerals. 
The  existence  of  gold,  platinum,  iron,  copper,  mercury,  aluminum,  and  coal  has 
been  verified.    There  are  43  mining  claims  entered. 

According  to  reports,  quite  a  quantity  of  sulphur  of  a  superior  quality  has 
been  collected  in  Camiguin.  There  are  in  the  same  island  waters  apparently 
gaseous,  sulphurous,  hot,  and  acidulated,  near  the  volcano,  which  ought  to  be 
submitted  to  a  scientific  examination. 

Provinoe  of  Hueya  Eoija. 

During  the  fiscal  year  the  number  of  registered  mines  has  increased  by 
three,  and  it  Is  expected  that  in  coming  years  the  exi)loitation  of  these  resources 
will  be  extended.  All  the  mines  are  placer  mines,  according  to  the  applications 
registered. 

ProTinoe  of  Oriental  Kegros. 

NATURAL  RESOURCES. 

Mineral. — ^There  is  no  doubt  whatever  that  the  mountains  of  Negros  contain 
mines  of  different  classes,  but  up  to  the  present  we  have  data  only  of  the  coal 
mine  in  the  mountains  of  Bayuan  and  of  the  iron  and  sulphur  mines  in  the 
mountains  of  Tayasan  and  Dauin. 

Snbprovinoe  of  Siquijor. 

MINERAL   RESOURCES. 

It  is  not  known  that  there  are  any  mineral  resources. 
Provinoe  of  Pangrasinan. 

Of  gold  and  copper  mines,  80  have  been  registered  in  this  office  up  to  the  pres- 
ent time,  but  none  were  registered  during  the  present  year. 

There  are  also  mineral  springs  which  are  not  being  exploited,  and,  though 
their  water  has  not  been  properly  analyzed,  the  people  attribute  medicinal 
qualities  to  it  Such  are  the  springs  of  the  municipalities  of  Balungao,  Pozor- 
rubio,  Aguilar,  and  Mangatarem. 

Province  of  Bizal. 

NATURAL  RESOURCES. 

The  natural  resources  are  timber,  rattan,  charcoal,  bees'  honey,  wax,  gums 
and  resins,  building  stone,  guano,  and  other  minerals,  including  coal,  which 
are  not  developed. 

Pottery, — Hound  earthen  pots,  commonly  called  ollas,  and  flower  earthen  pots 
of  any  design  are  made  in  the  barrio  and  island  of  Guintarcan,  municipality  of 
Villareal. 

Bolos. — Bolos  are  made  almost  in  every  town  of  the  province  and  are  of  two 
shapes.  One,  commonly  called  '*  Visayau  sundang,"  is  a  sharp-pointed  bolo, 
and  the  other,  called  simply  bolo,  is  the  dull  or  wide-pointed  weapon.  The  first 
is  used  for  general  purposes  and  the  latter  especially  for  clearing  grass  and 
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splitting  wood.  It  is  sometimes  3  or  4  inches  wide  at  tlie  point.  These  two 
kinds  of  bolos  are  manufactured  on  a  large  scale  in  Guluan,  Basey,  Borongan, 
and  Guiuan,  but  native  blacksmiths  are  making  them  In  almost  every  part  of 
the  province.  Fancy  daggers  are  sometimes  made  to  order,  according  to  design 
given. 

Province  of  Samar. 

I7ATUBAL  BESOUBCES    (FOBESTAL,   MINERAL,  ETa). 

Minerals  are  to  be  found  in  the  province,  but  mining  is  not  developed  at 
present.  Coal  mines  cnn^be  found  here,  and  maybe  gold,  but  no  miners  liave 
come  for  some  time  past.  I  do  not  remember  of  any  mining  claim  heretofore 
filed. 

Province  of  Sorsogon. 

MINES. 

The  lieutenant-governor  of  Masbate,  in  speaking  of  the  mines,  says  the  fol- 
lowing : 

"All  the  mining  companies  located  in  the  municipality  of  Aroroy,  in  this 
subprovince,  have  ceased  working  after  having  expended  hundreds  of  thousands 
of  pesos  each.  We  have  seen  a  few  mining  claims  in  this  district,  and  it  has 
caused  us  pity  to  see  all  that  machinery  and  those  mills  in  a  perfect  state  of 
preservation,  but  completely  paralyzed  by  lack  of  capital.  Of  the  machinery 
and  mills  which  we  have  seen,  the  plant  of  the  Eastern  Gold  Bug  Mining  Com- 
pany deserves  special  mention,  and  we  should  have  liked  to  see  it  working  in 
order  to  appreciate  the  scope  of  these  great  mining  enterprises.  We  are  told 
that  this  machiney  cost  some  W0,000,  with  ail  the  exi)ense  occasioned  by  it. 
Other  companies  have  expended  the  following  sums  in  the  exploitation  and 
purchase  of  dredges  and  machinery : 

"  For  dredges  and  nuwhinery. 

Oriental  and  Masbate  Gold   Mining  Company ^75,000 

Philippine  Gold  Mining  Company 75,000 

'*  For  quartz  mills. 

Mount  Cogrant  Mining  Company 15,000 

Eastern  Gold  Bug  Mining  Company 17,000 

Eastern  Mining  Company 8,000 

Philippine  Gold  Mining,  Power  and  Development  Company 6,000 

*'  Development  and  exploitation. 

Eastern  Gold  Mining  Company 40,000 

Eastern  Gold  Bug  Mining  Company 6,000 

Mount  Cogrant  Mining  Company 8,000 

Jo  Jo  Mining  Company 2,000 

Even  Up   Mining  Company 2,000 

"The  Philippine  Gold  Mining  Company  failed  after  having  operated  for  one 
year  and  a  half,  at  an  expense  of  P27,000;  likewise  the  Oriental  and  Masbate 
Company,  which  expended  W8,000  during  nine  months  of  existence.  With  re- 
gard to  the  output  of  these  companies,  we  have  information  only  about  the 
Oriental  and  Masbate  Gold  Mining  Company,  which  obtained  ^,300  worth 
of  mineral  and  had  a  wagon  road  worth  f^,000  bqllt  by  the  miners.  The  best 
developed  mining  claims  are  doubtless  those  of  the  Eastern  Mining  Company; 
the  second  place  is  occupied  by  the  Eastern  Gold  Bug  Mining  Company,  which 
has  a  complete  mill  and  set  of  machinery. 

"  We  have  also  been  informed  that  the  financial  crisis  in  the  United  States 
has  been  the  cause  of  the  present  condition  of  the  companies  mentioned. 

"  There  is  another  mine  in  the  district  of  Milagros,  in  the  south  of  this  prov- 
ince, for  the  extraction  of  gold,  silver,  copper,  and  other  minerals.  This  mine 
is  working  now  and  shafts  are  being  sunk  which  reach  a  depth  of  125  feet    It 
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appears  that  it  offers  good  prospects  to  its  owners,  and  tliat  they  are  waiting 
for  machinery  to  talte  up  the  work  of  Its  development." 

Although  there  are  no  registered  mining  claims  in  Sorsogon,  it  is  believed 
that  abandoned  coal  mines  exist  at  Gatb6,  a  barrio  of  the  municipality  of 
Bacon,  it  being  positively  known  tliat  during  the  Spanish  regime  a  great  quan- 
tity of  that  mineral  was  taken  from  them. 

ProTlnoe  of  Snrigao. 

Mineral. — Up  to  the  present  time  95  claims  have  been  recorded  in  the  registry 
of  mines  of  this  province.  These  claims  lie  within  the  districts  of  Surigao  and 
Placer,  and  are  all  as  yet  unworked.  Gold  is  likewise  found  in  Danagnt,  L'anga, 
and  Hinatuan,  but  no  one  is  now  engaged  in  its  search. 

Besides  gold,  copper,  and  coal,  which  have  already  been  spoken  of  in  the 
previous  reports,  beds  of  gypsum  have  also  been  discovered  in  the  municipality 
of  Placer. 

ProTinoe  of  Tarlac. 

No  mineral  wealth  is  yet  known  except  two  beds  of  gypsum,  worked  on  a 
small  scale,  one  in  the  municipality  of  Caims  and  the  other  in  the  municipality- 
of  La  Paz. 


lONINO  CLAIMS. 


(Mining  Bureau  Bulletin  No.  2.) 

COlCnSTE  UST  OF  SPANISH  KINIKG  GLAUCS  EECOEDED  IN  THE  KININQ 

BintEAlT. 

Compiled  by  Mr.  Chables  H.  Bubbitt,  from  the  records  and  archives,  October, 

1902. 

Preface. 

The  following  data,  compiled  by  Mr.  Charles  II.  Burritt,  chief  of  the  bureau, 
presents  in  tabular  form  a  complete  and  accurate  list  of  all  mining  claims  as 
given  in  the  Spanish  records  and  archives  of  the  mining  bureau.  It  should  be 
borne  in  mind  in  this  connection  that  there  are  certain  other  outstanding 
claims,  the  number  of  which  is  not  known,  the  procedures  for  the  obtaining  of 
titles  to  which  had  never  reached  the  stage  characterized  by  the  receipt  at  the 
bureau  of  the  necessary  papers  from  the  respective  provincial  capitals.  These 
claims  belong  properly  to  neither  the  first,  second,  nor  third  class  as  given 
below.  Had  the  necessary  papers  reached  the  mining  bureau  in  proper  course, 
and  had  the  titles  not  yet  been  issued  at  the  time  of  the  suspension  of  the  work 
of  the  InspecciCn  de  Minas  by  reason  of  war,  these  would  have  been  second- 
class  claims. 

The  definitions  of  the  three  classes  of  claims  as  here  given  are  set  forth  in 
the  following  paragraphs  quoted  from  the  annual  report  of  Charles  II.  Burritt, 
first  lieutenant.  Eleventh  Cavalry,  U.  S.  Volunteers,  ofilcer  in  charge  of  the 
mining  bureau,  to  the  secretary  of  the  military  governor,  dated  August  15,  1900, 
and  found  upon  page  7,  Appendix  II  of  the  Annual  Report  of  the  Military 
Grovernor  of  the  Philippine  Islands  to  the  Secretary  of  War  for  1900 : 

**  In  his  closing  report  on  March  30,  1899,  to  the  president  of  the  board  of 
liquidation,  Luis  Espina  y  Capo,  engineer  in  charge  of  the  Inspecci6n  General 
de  Minas,  divided  the  mining  properties  of  alleged  validity  In  the  Philippine 
Archipelago  Into  three  classes,  viz : 

"  1.  Those  for  which  concessions  have  been  issued  under  royal  decree,  etc 

"2.  Those  in  process  of  demarcation,  as  provided  by  the  royal  decrees,  and 
the  regulations  thereunder,  etc. 

•*3.  Those  for  which  petitions  have  been  accepted  with  the  deposit  of  fees 
waived  in  accordance  with  the  order  or  decree  of  the  governor-general,  dated 
May  4,  1898."     (See  Appendix  II  referred  to  above.) 

It  should  be  noted  that  caliza  marmorea  In  the  tables  refers  to  limestone  in 
some  cases,  but  preferably  to  marble;  that  the  existence  of  true  granite  in  the 
Philippines  has  not  yet  been  verified  and  Is  seriously  doubted,  and  that  the 
granite  and  trachyte  of  the  Spanish  classification  of  the  building  stones  of  the 
province  of  Bataan  are  believed  to  be  Identical  with  the  andesitea  of  Mariveles ; 
and  finally,  that  kaolin  given  in  the  tables  from  I^guna  has  been  found  not  to 
be  true  kaolin. 

In  the  tables,  similar  murks,  asterisks,  etc.,  in  connection  with  names  of 
mines,  indicate  that  In  the  same  province  mines  similarly  marked  are  identical 
in  location. 

H.  D.  McCaskey,  B.  S., 
Mininff  Engineer  and  Acting  Chief  of  the  Mining  Bureau. 

The  MiNiiTO  Bubeau, 

Manila,  October,  1902. 
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Table  I. — Recapitttlation  of  Spanish  mining  claims  (first j  second^  and  third  dass), 

arranged  by  provinces. 


Provinces. 


Minerals. 


Ambos  Camarlnes 

Bataan 

Beneuet 

Bonioc 

Bulacan 

Cagayan  de  MLsamis 

Cebu 

Inianta i  Coal, 

Laguna I  Kaolin 

Lepanto Gold  and  copper 

Leyte Gold  and  sulphur 


Gold,  coal,  copper,  and  Iron 

CaUsa  marmorea,  granite,  and  trachyte 

Gold 

Gold 

Iron 

Gold 

Coal,  caliza  marmorea,  petroleum,  and  guano.. 


MEUiila. 

Masbate 

Mlndoro 

Morong 

Negros  Occidental. 

Nueva  Eeija 

Romblon 

Samar 

Sorsogon 

Surigao. 


Tayabas Coal. 


Coal  and  caliza  marmorea.. 

Coal 

Coal 

Caliza  marmorea 

Coal 

Gold 

Caliza  marmorea 

Coal 

Coal 

Gold  and  coal 


Number 
of  claims. 


718 

7 

172 

2 

9 

246 

276 

4 

4 

137 

17 

35 

8 

38 

8 

12 

214 

4 

30 
85 
151 
40 


Total. 


I 


2,212 


Superficial 
surflMie. 


Snare  meter*. 
54, 886, 07a  95 

140,000 

10,320,000 

120,000 

1,137,571.09 

14,760,000 

41,010,000 

600,000 

80,000 

11,546,849.24 

1,278,190.37 

4.600,000 

1,200,000 

5,700,000 

60,000 

1,800,000 

12,840,000 

80,000 

4,500,000 

12,750,000 

14,460,000 

6,000,000 


199,868,661.65 


Table  II. — Summary  for  archipelago,  by  promnces  and  minerals. 
AMBOS  CAMARINES. 


Class  of  claim. 


First  class... 
Second  class. 
Third  class.. 


Gold.                            Coal. 
Area.         |  No.  |      Area. 

{ 

Copper. 

Iron. 

No. 

No.         Area. 

No. 

Area. 

241 
55 
286 

14,194,456-25 
3,171,614.70 
17,120.000 

60 

9,000,000 

60 

9,000,000 

16 

2,400,000 

BAT.\AN. 


Class  of  claim. 

Caliza 
marmorea. 

Granite. 

Trachyte. 

No. 

Area. 

No. 

Area. 

No. 

Area. 

First  class 

Second  class 

1 

20,000 

2 

40,000 

Third  class 

4 

80,000 

BENGUET. 


Gold. 


Class  of  claim. 


No.        Area. 


First  class 4 

Second  class : 4 

Third  class 16d 


240,000 

240,000 

9,840.000 


BONTOC. 


Gold. 


Class  of  claim. 


No. 

Area. 

First  class 

.         2 

120,000 

Second  class 1 

Third  class 1 
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Table  II. — Summary  for  archipelago,  by  provinces  and  minerals — Continued. 

BULACAN. 


First  class 

Second  class.. 
Third  class... 


Class  of  claim. 


Gold. 


No. 


Area. 


1,137,571.09 


CAGAYAN  DE  MISAMIS. 


CEBU. 


Gold. 


Class  of  claim. 

No. 

Area. 

FiratclWK 

Second  class 

Third  cl«« 

246 

14,760,000 

Class  of  claim. 

No. 
54 

Coal. 

CaUza 
marmorea. 

Petroleum. 

Guano. 

Area. 

No. 

1 

Area. 

No. 

Area. 

No. 

1 

Area. 

First  rlwm 

8,100,000 

20,000 

4 

600,000 

20,000 

Second  class 

Third  class. 

211 

31,650,000 

1 

20,000 

4 

600,000 

INFANTA. 


LAGUNA. 


Coal. 


Class  of  claim. 

NO.I 

Area. 

Firstdass..                .             

Second  class 

Third  class . .                                    .._.._ 

4  1 

600,000 

Class  of  claim. 

Kaolin. 

No. 

Area. 

First  class 

4 

80,000 

Second  class. . . 

Third  class 



LEPANTO. 


Class  of  claim. 

Gold. 

Copper. 

No. 

Area. 

No. 

Area. 

First  clas»..      .      r               

20 
2 
65 

1,200,000 

120,000 

3,900,000 

2 

166,849.24 

Second  class 

Third  pifMK             

48 

6,160,000 
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Table  II. — Summary  for  archipelago,  hy  provinces  and  mtncrafs-yContlnued. 

LEYTE. 


Class  of  claim. 

add. 

Sulphur. 

No. 

Area. 

No. 

Area. 

Ftrst  class 

6 

320,056 

3 

180,000 

840ond  class ...        

Third  class 

5 

328,13137 

3 

450,000 

First  class.... 
Second  class.. 
Third  class... 


MANILA. 


MASBATE. 


Class  of  claim. 


MINDORO. 


MORONG. 


Class  of  claim. 

Coal. 

Callza 
marmorea. 

No. 

Area. 

No. 

1 

Area. 

First  class 

20,000 

Sficond  class. . , 

Third  class 

30 

4,566,666 

4 

80,000 

Coal. 


No.         Area. 
8        1,200,000 


Class  of  claim. 

No. 

Coal. 
Area. 

First  class 

34 

4 

5,100.0Q0 
600,000 

Second  class 

Third  class 

Class  of  claim. 

Caliza 
marmorea. 

Na 

Area. 

First  class . .  . 

2 

40,000 

Second  class 

Third  class 

1 

20,000 

NEGROS  OCCIDENTAL. 


Coal. 


Class  of  claim. 

No. 

Area. 

Firstclass 

Second  class 

12 

1,800,000 

Third  class. -  - 
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Table  II. — Summary  for  archipelago,  by  provinces  and  minerals — Continued. 

NUEVA  ECIJA. 


Class  of  claim. 

Gold. 

No. 

Area. 

First  dans. .               -     ■ 

4 

240,000 

Second  class 

Third  class - 

210 

12,600,000 

ROMBLON. 


Class  of  claim. 

Caliza 
marmorea. 

No.      Area. 

FfrRt  t*\^im                     ,                -                                    -  

Second  class ,                         _      .     _ 

Third  class , , , .  - ...,--.,                                

4      80,000 

SAMAR. 


' 

Coal. 

Class  of  claim. 

- 

_  _ 

No. 

Area. 

First  class.... 
Second  class.  . 
Third  class... 


30        4,500,000 


SORSOGON. 

Class  of  claim. 

Coal. 

No. 

Area. 

First  class 

20 
23 
32 

3,000,000 

Second  class.-. ,     .                  

4,950,000 
4,800,000 

Third  claw 

8URIQA0. 


Class  of  claim. 

Gold. 

Coal. 

No. 

Area. 
3,660,000 

No. 

Area. 

First  class,  r                        

61 

Second  class , ,   , 

Third  class.. 

30 

1,800,000 

60 

9,000,000 

TAYABAS. 

Clan  of  claim. 

Coal. 

No. 

Area. 

First  class..  ,        

Second  class...       

Third  class 

40         6.000.000 
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Table  111.— LiUc^ 


AUBOS  CAMARINES. 


No. 


Names  of  mines. 


Mineral. 


No.  of 
perts. 


Area. 


Conoessionartes,  etc. 


34 


80 
90 
88 

87 
88 
91 
99 
100 
101 
104 


102 


97 


106 

106 
107 
106 

109 

no 

113 
114 
118 
119 
120 
125 
121 

126 
129 

lao 

131 
154 
161 
150 
152 
148 


Fir»t-cla$$  ekdrM. 
Esperanza 


Gold. 


La  Concepci6n do. 

Trinidad do. 

Luisa : do. 

Rosalia do. 

Norla do. 


Santa  Gertrudis. 
Animas  del  Purgatorio. 

San  Antonio 

Maria 

Francisco 

San  Juan 

San  Enrique 

San  Pablo 


San  Antonio. 
ElSecreto.... 


Mi  Porvenir 

Santa  Marta... 
La  Muy  Rica. . 
NuevaGalicla.. 


Aurora. 

San  RaD)<)n 

SanRafoel 

Registrolst.... 

Regi8tro2d 

Registro  3d 

Registro4th... 
Registro  5th... 

Cusa 

Pep 


Santa  Barbara. 
FeUddad 


San  Mauricio 

Dofia  Guillerma. . 


Dofta  Maria. 


Margarita  (Investiga- 
tion). 

Qyerplus  south  of  San 
Antonio. 

Overplus  north  of  San 
Antonio. 

Overplus  of  San  Juan. 

Santa  Barbara 


Don  Carlds. . . 
LeoTaxil.... 
San  Vicente. . 


Padre  Jo86 

Nueva  California  1st. 

Nueva  California  2d . . 
Nueva  California  3d. . 
Nueva  California  4th . 
Nueva  California  5th . . 

Germania 

La  Candelaria 

Magallanes 


San  Felix 

San  Ricardo 

El  Angel 

EI  Patriarca 

San  Rafael 

LaConoepcidn 

Santa  Baibina 

San  Nicole 

Carlda^l 


do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 


..do. 
..do. 


.do. 
-do. 
.do. 
.do. 


do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 


.do. 
.do. 


.do. 


.do. 
.do. 
.do. 


..do. 
..do. 


do. 

do. 

do. 


.do. 
.do. 


....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 


do. 

do., 

do.. 

do. 

do., 

do., 

do. 

do. 

do. 


2 
2 
2 
2 

1 
1 
2 
2 
2 
2 
a2 
2 
2 

1 
2 

2 
2 
2 
2 

2 
2 
2 


2 
2 
2 
2 

2 

1 

2 
62 

(0 
(«) 

1 
2 
2 

2 

4 

4 
4 

4 
4 
4 
33 
24 

2 
2 
2 
2 
2 
2 
2 
2 
1 


120,000 

120,000 
120,000 
120,000 
120,000 
60,000 
60,000 
120,000 
120,000 
120,000 
120,000 
81,000 
120,000 
120,000 

60,000 
120,000 

120,000 
120,000 
120,000 
120,000 

120,000 
120,000 
120,000 

60,000 

60,000 

60,000 

60,000 

60,000 
120,000 
120,000 
120,000 
120,000 
120,000 

120,000 
60,000 

120,000 

120,000 

18,200 

45,000 

10,266.25 
120,000 

60,000 
120,000 
120,000 

120,000 
240,000 

240,000 
240,000 
240,000 
240,000 
240,000 
1,980,000 
1,440,000 

120,000 
120,000 
120,000 
120,000 
120,000 
120,000 
120,000 
120,000 
60,000 


The  Philippines  Mineral  Syo- 
dlcate,  Limited. 

'"'.do' 


.do. 


Minora  "La  B<maQ- 


do 

do, 

do 

do, 

do, 

do 

do, 

do, 

do, 

Sociedad 

cita." 

Eugenie  Expedido 

Sodedad  Minera  "La  Bonan- 
cita," 

....do 

....do 

....do 

The  Philippines  Mhieral  Syn- 
dicate, Limited. 

do 

....do 

N  icolas  C  arrance ja 

Sociedad  Garcia  Beltran  y  Co 

do , 

do 

do 

....do 

....do 

....do 

....do 

Eugenie  Expedido 

The  Philippines  Mhieral  Syn- 
dicate, Limited. 

do 

Sociedad  Minera  "La  Bonan- 

clta." 
The  Philipphies  Mineral  Syn- 
dicate, Limited. 
....do 


.do. 
.do. 


....do 

Sociedad  Minera  "La  Bonan- 

cita." 

....do 

Ramdn  Cebesudo 

Sociedad  Minera  "La  Bonan- 

clta." 

....do 

Martin  Buk  &  Joaquin  Casa* 

novas. 

....do 

....do 

....do 

....do 


•  Incomplete. 


t  Investigation. 


....do, 

Vicente  Atlensa. 

Martin  Buk  &  Joaquin  Casfr- 
novas. 

Emilio  Spnmgli 

Juan  Femandes  y  San  Luis. 

do 

....do 

Aguedo  Macondog 

Catallno  Flores 

....do 

....do 

The  Philippines  Mineral  Syn- 
dicate, Limited. 

c  Overplus. 
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No.  of 

No.  of 

book. 

page. 

1 

28 

1 

20 

1 

31 

1 

32 

1 

33 

1 

68 

1 

fll 

1 

62 

1 

63 

2 

17 

3 

18 

3 

28 

2 

42 

3 

20 

3 

49 

3 

5 

3 

6 

3 

7 

2 

8 

2 

46 

2 

47 

2 

48 

2 

26 

2 

37 

2 

38 

2 

39 

2 

40 

2 

41 

2 

92 

2 

93 

2 

94 

2 

160 

2 

78 

2 

110 

2 

14 

2 

115 

2 

114 

2 

90 

3 

16 

2 

91 

3 

32 

3 

33 

3 

63 

3 

98 

3 

99 

3 

105 

3 

106 

3 

110 

3 

112 

3 

114 

3 

116 

3 

131 

3- 

118 

3 

123 

3 

137 

3 

140 

143 

85 

49 

47 

51 

33 

Place. 


Subdivision. 


Date  of  first 
record. 


Date  of 
deznareation. 


Date  of 
oomoesflion. 


Tombaga. 

Imbong-imbong . 

Dinaanan 

Calapnit 

Tin^ 

LaNoria 

Calupcup 

Loilgos 

Dinaanan 

Tumbaga. 

Tumbaga. 

SaKibung 

Oumamela 

OgAis 


Dl] 
Togds 


Marioonia 

Mananc 

Cabongajan 

Ouinobacan-Bata. . 


G  uinobacan-MatandA. . 

Qumaos 

Togtis 

Riode  Paracale 

....do 

....do 

....do 

....do 


....do 

....do 

....do 

Bejuquillo. . , 
Dinaquitan.. 


Calupcup. . 
Tagonton.. 


Pansol 

Pansol.... 

SalCUong.. 

LoiIS;o6... 

Baluarte.. 
Man^ng.. 


Tagonton.. 
Casalogan.. 
Maquina... 


Llpata. 

Casalogan.. 


Mambulao. 
.do. 


Paracale. . . 

do 

do 

Mambulao. 

do 

Paracale... 

do 

Mambulao. 
do. 


Paracale. 
....do... 
....do... 


Mambulao. 
Paracale... 


....do 

....do 

do 

Mambulao. 


.do... 
.do. 


Paracale... 

....do 

....do 

....do 

....do 

....do 

....do..,.. 

....do 

....do 

Mambulao. 
....do 


....do... 
Paracale. 


.do. 
.do. 
.do. 


.do. 


.do. 
.do. 


.do. 
.do. 
.do. 


.do. 
.do. 


Cuyuman 

Casalogan 

Magslmal<5c 

Cablsmuan  y  Coloran 

Capalungan 

Calangay  y  Pinaglambian. 
Bonotan  y  Malagangao. . . 


Cabugao 

Mavnanca 

Deuncuente 

Monte  Maynanca 

TIgbl 

Ybabang  Bulalacao 

Bulalacao 

Qi^ugs^u 

Dinaquitan 


.do. 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


.do. 


do 

....do 

....do 

Mambulao. 

....do 

....do 

....do 

....do 


Apr.  22,1891 


do 

do 

do 

do 

do 

do 

do 

do 

June  19,1893 
do 


July  30,1803 
Feb.  28,1894 
Nov.  11,1803 

Oct.  31,1893 
Sept.  15, 1803 


....do 

....do 

....do 

Aug.  12,1893 

....do 

.do. 


Dec.  30,1893 
Feb.    6, 1894 

....do 

....do 

.do 

.do 


June    8, 1894 

do 

....do 

Mar.  15,1895 
July  30,1803 

July  31,1894 
Nov.    3,1893 

June  16,1894 

....do 


Aug.  21,1894 

May  25,1895 

Aug.  21,1894 
May  31,1895 


....do 

Sept.  13, 1895 
Oct.   11,1895 


do 

Deo.  15,1895 

Jan.  14,1896 

....do 

Jan.  29,1896 

Jan.  28,1896 

Jan.  26,1896 

Mar.  28,1896 

Feb.  15,1896 


Apr.  15,1800 
May    9,1896 

do 

do 

Nov.  25,1896 
Nov.  26,1896 

do 

....do 

Sept.  11,1806 


Apr.  24,1892 

Apr.  25,1892 
Apr.  28,1892 
Apr.  29,1892 
Apr.  30,1892 
Sept.  4,1892 
Sept.  5,1892 
Sept.  9,1892 
Sept.  8,1892 
Apr.  19,1894 
Apr.  20,1804 
Apr.  30,1804 
May  31,1894 
May     7, 1894 


June 
May 


6,1894 
1,1894 


May  2, 1894 

May  3, 1894 

May  4,1894 

June  2, 1894 

June  3, 1894 

June  3,1894 

May  18,1894 

May  28,1894 

May  29,1894 

May  30,1894 

May  31,1894 

May  31,1894 

May  22,1895 

May  21,1895 

May  20,1895 

ACay  25,1895 

May  16,1895 

May  15,1895 
May    5, 1804 

May  24,1896 

May  19,1895 

May  23,1895 

May  27,1895 

May  23,1895 
July  18,1896 

July  20,1806 
Aug.  10,1806 
July  24,1896 

July  26,1806 
Aug.  15,1896 

Aug.  14,1806 
Aug.  17,1806 
Aug.  18,1806 
Aug.  20,1896 
Aug.  22,1896 
July  27,1896 
Aug.  26,1896 

Aug.  7,1896 
Sept.  2,1896 
Sept.  3,1896 
Sept.  4,1896 
May  20,1897 
May  18,1897 
May  17,1897 
May  18,1897 
Apr.  26,1897 


July  23,1893 

Do. 

Do. 

Do. 

Dq. 
Jan.     7,1894 

Do. 

Do. 

Do. 
July  20,1894 

Do. 

Do. 
Aug.    3,1894 

Do. 

Do. 
Sept.  28, 1894 

Do. 

Do. 

Do. 

Nov.    7,1806 

Do. 

Do. 
Dec     7,1894 
July  12,1895 

Do. 

Do. 

Do. 

Do. 
Aug.  9,1895 

Do. 

Do. 

Do. 
Aug.  16,1895 

Do. 
Aug.  9,1895 

Aug.  16,1805 

Aug.  6.1895 

Aug.  16,1895 

Do. 

Do. 
Dec.  31,1896 

Do. 
Jan.  15,1897 
Dec.  31,1806 


Jan. 
Jan. 


15,1807 
8,1897 


Jan.  29,1897 
Jan.  15,1897 

Do. 
Jan.  29,1897 
Jan.  8, 1897 
Dec.  31,1896 
Jan.  8,1897 

Dec.  31,1896 
Jan.  29,1897 

Do. 

Do. 
Jan.  22,1808 
Mar.  9, 1898 

Do. 

Do. 
Aug.  31,1S97 
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No. 

Names  of  mines. 

Mineral. 

No.  of 
pern. 

Area. 

Concessionaries,  etc. 

142 

Ftst-cUua  claifM— Con. 

SanCiriaco 

Santiago 

San  Federico 

San  Alfredo 

San  SebasUan 

Robinson  Grup 

Seco7id<Uu9  clahna. 

Mi  Porvenir  and 
Grup.  La  Cande- 
laria. 

La  Muy  Rica  Dofla 
Guillerma.  Santa 
Barbara,  Don  CAr- 
los,  Padre  Jos4, 
C  0  1 0  Candelaria, 
and  San  Felix. 

San  Rafael,  Quim, 
and  Grup.  La  Can- 
delaria. 

Registro  4th  and  5th, 
Quim  La  Cande- 
laria. 

San  Juan,  La  Cando- 
laria,  and  San 
Felix. 

La  Muy  Rica,  Don 
Carids,  San  Vi- 
cente, and  San 
Felix. 

San  Juan,  Registro 
2d,  3d,  and  4th  and 
La  Candelaria. 

Padre  Jos6  and 
Grup.  La  Cande- 
laria 

Mi  Porvenir  and 
Padre  Jos6. 

SanCarl6s 

El  Carmelo 

Las  Siete  Vetas 

Santo  TomAs 

El  Bagacay 

Numancia 

Sagunto 

Covadonga 

La  Espanola 

La  Australiana 

San  Jorge 

Lezo 

LaZarza 

Third-cUua  claims. 

La  Constancia 

Santa  Ana 

Cerro  Paliparan 

Guyaman 

Togus 

Nangca  1st 

Nangea  2d 

Matalang 

Pinagcaramihan 

ParfM»le 

Casalogan 

Saato  ^6'. '.'.'. '.'.'.'.'.'.'. 

Mambulao 

Imbong-imbong 

i  Gold 

1 

1 
2 
1 
2 
57 

al 
ol 

al 
al 
«1 
al 

ol 
al 

al 

1 
23 
2 
2 
2 
2 
2 

I 
I 

2 
2 

1 
4 

\ 

2 
2 
1 
2 
1 
1 

20 
2 
2 
1 
1 

60 
2 

48 

60,000 

60,000 
120,000 

60,000 

120,000 

3,420,000 

63,125 
61,736 

10,525 
34,900 
43,200 
16,000 

77,155.50 
75,748.20 

29,22.5 

60.000 
1,380,000 
120,000 
120.000 
120,000 
120,000 
120.000 
120.000 
120.000 
120,000 
120,000 
120.000 
120,000 

60,000 

600.000 

3.600.000 

3,200.000 

60,000 

120.000 

120.000 

120,000 

60,000 

120.000 

60,000 

60,000 

1,200.000 

120.000 

120.000 

60,000 

60.000 

3,600.000 

120,000 

2,880,000 

The  Philippines  Mineral  Syn-   ! 

dlcate,  Limited. 
.  ...do 

123 

'  ...  do 

143 

do 

do 

....do 

124 

do 

144 

do 

do 

149 

do 

William  Urquhart 

Gold 

! 

James  Charles  Donaldson  Sim     ' 

do 

1 
do 

■A 

a 

.  .  .do 

.  .do 

e 

do 

do 

^ 

.....do 

1 

do 

^ 
z? 

do 

do 

f 

0 

do 

do 

do 

do 

do 

do 

163 

do 

William  Urquhart ' 

Vicente  Atienza 

140 

.  .  .do 

128 

do 

Per  fee  to  T/0|)ez  Somoza ' 

145 

do 

Alfredo  George  White 

141 

do 

V^icente  Atienza 

157 

.  ...do 

NicoWs  Pascual  y  Cervera ' 

.  ...do 

155 

do 

156 

do 

do 

146 

do 

Perfecto  Lopez  Somoza 

147 

do 

do. 

138 

do 

Alfredo  George  White ' 

168 

do 

Pablo  Feced 

166 

do 

....do 

168 

Gold 

1 
Juan  G.  Fernandez  &  San  Luis 

2 

Iron 

Mauricio  G.  Hermann 

46 

Gold 

Edouard  C.  Andr4 1 

47 

do 

do 

48 

.  .do 

.  .do 

49 

do 

do 

50 

do 

.do 1 

51 

do 

do ' 

52 

do 

do 

53 

do 

:::::do::::::::::::::::::::::::::i 

54 

do 

do 

55 

.  .do 

do 

56 

do 

do 

60 

.  .do 

do 

61 

do 

do 

62 

Atalaya 

do 

do..: 

63 

Bulalacao 

do 

do 

64 

May  Cruz 

...  .do 

do 

65 

Quinobacan 

do 

do 

76 

Maculabo 

do 

do 

a  Overplus. 
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AMBOS  CAMARINES-Oontinued. 


No.  of 

No.  of 

book. 

page. 

4 

41 

3 

149 

4 

39 

3 

150 

4 

37 

4 

64 

4 

62 

4 

65 

4 

71 

4 

70 

4 

68 

4 

66 

4 

69 

4 

64 

4 

63 

4 

127 

4 

30 

3 

126 

4 

35 

4 

43 

4 

125 

4 

121 

4 

123 

4 

87 

4 

89 

3 

145 

4 

160 

4 

158 

5 

134 

5 

17 

5 

62 

5 

64 

5 

65 

5 

66 

5 

67 

5 

68 

5 

69 

5 

69 

5 

70 

6 

71 

5 

72 

5 

76 

6 

77 

5 

78 

6 

79 

5 

80 

6 

81 

6 

02 

Place. 


Mambulao.. 


Calupcup do . 

Mambulao do. 

Calupcup do. 

Mambulao ' do. 

Monte  Presa i do. 


Subdivision. 


Mambulao. 


Calangag. 
Manang.. 


Bonco 

Maynanca. 
Cabugao... 
Cabugao... 


Tinago.. 
Bontoin. 


LIpata 

Imbon-fmbon. 

Tagirs,  etc 

Monte  Presa... 

Paracale 

....do 

Casalogan 

do 

do. 


Paracale. 
....do... 


.do. 
.do. 
.do. 
.do. 

.do. 
.do. 
.do. 


Mambulao. 
Paracale... 

do. 

do. 

do. 

do. 


....do.... 
.do.... 


Da.  Maria  TimbampfUo do. 

.do do. 


Dinaanan. 
Tanday... 
Cabamoan] 


Dinaanan 

Bato-Balani 

Cerro  Paliimran.. 

Cuyuman 

Togus 

Nangcalst 

Nangca2d 

Mataiang 

Pinagcaramihan. 

Paracale 

Casalogan 

Capalugan 

Santo  Niflo 

Mambulao 

Imbong-imbong. 

Atalaya 

Bulalacao 

MavCruz 

Ouinobacan 


....do.. 
Nabua. 
....do.. 


Mambulao. 
Paracale... 

....do 

do 

do 

....do 

do 

....do 

....do 

....do 

....do 

....do 

....do 

Mambulao. 

....do 

....do 

.....do 

do 

....do 

Paracale... 


Date  of  first  Date  of 

record.         demarcation. 


Aug.  29,1896 

Mar.  12,1896 
Aug.  29,1896 
Mar.  12,1896 
Aug.  29,1896 
Oct.  8,1896 


Feb.  10,1897 
....do 


.do. 
.do. 
.do- 
.do. 

.do. 
.do. 
.do. 


May  6, 1897 
Aug.  21,1896 
May  8, 1896 
Aug.  29, 1896 
Aug.  21,1896 
Jan.    12,1896 

do 

do. 


Apr.  22,1897 

Apr.  19,1897 

Apr.  23,1897 

Apr.  20,1897 

Apr.  24,1897 

Apr.  29,1897 


Aug.  12,1896 

do 

May  31,1896 
Oct.  19,1897 
Sept.  27, 1897 


Nov.  8,1897 
Oct.  25,1898 

....do 

....do 

Nov.  11,1898 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 


Date  of 


Aug.  31,1897 

Do. 
Do. 
Do. 
Do. 
Do. 
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No. 

Name  of  mines. 

Mineial. 

No.  of 
perts. 

Aroa. 

Concessionaries,  etc. 

77 

TMrd^doMS  elainu— Con. 
Belegnim 

Iron 

2 
2 
2 
2 
2 
2 

300,000 

300,000 

300,000 

300,000 

300,000 

300,000 

9,000,000 

1,380,000 

9,000,000 

Edouard  C.  Andr^ 

78 

Rdofiftrd 

do 

do 

82 

Henry '  --  -rfo 

.  .  .do 

83 

Ferdinand 

do 

do 

90 

Louis. . . 

-do.. 

do.. 

91 

do 

do 

103 

La  Cobrixa 

Copper 

60 

Mauricio  Q.  Hermann 

104 

0«rra«ln 

ooidT;:.::: 

23 
60 

do 

19 

Hanopol 

Coal 

Antonio  Fuset 

BATAAN. 


a,c«>MaucMm,. 

1 

1 

CanteiBS  de  Mari- 

Trachyte 

40,000 
20,000 

Aldecoa  y  Co 

1 

veles. 
Canteras  Espafiola 

Tkird-cUus  claims. 

•  Building  stone. . 

Manuel  Menendes  Rodriguet.. . . 

42 

SanEnftacio 

SantoMaria 

SanEsteban 

San  Juan 

fSnmlt^^ 

20,000 
20,000 
20,000 
20,000 

EffteNin  Riii  y  Plana 

43 

do 

do ' ..    .         

44 

do 

do 

45 

do 

do 

BENOUET. 


Firitrdati  cUUnu. 

1 

Capumnt 

Gold 

2 

1 
1 

120,000 
60,000 
60,000 

Pablo  Emilip  Hennann 

2 

^^iS^.. :::::. ::::.. 

do 

do .' 

3 

Acupan 

[..do.::::::::: 

do 

SeeondrdoM  eJaimt. 

7 

Arenas  de  Ytogon 

San  Pedro 

Gold 

2 
2 

120,000 
120,000 

Pablo  Emilio  Hennann 

do 

do 

Third<Uui  daiJM. 

67 

Antamoc 

Gold 

60 
60 
44 

3,600,000 
3,600,000 
2,640,000 

Edouard  C.  Andr4 

66 

Ambuclao 

do 

do 

60 

Oatipa 

do 

do 

BONTOC. 


FiraKUut  dainu. 
Encamacidn 


Gold. 


120,000    Saturnine  VUlaverde.. 


BULACAN. 


Fir«^c^aM  daima. 


DeHiion 

Santa  Lutgarda. 

Constancia 

De  Concha 


SanPioV 

Sapang-munti . 


Iron. 


.do. 
.do. 
.do. 

.do. 
.do. 


ol 

1 

2 
a2 

2 
1 

lOldT 


111,796.16 
160,000 
300,000 
125,772.93 

300,000 
160,000 


Heirs  of  Hicon 

Heirs  of  Anchuelo 

Dofia  Frandsca  Talag. 
Heirs  of  Concha 

Pablo  Carlds 

Frandsoo  SancdkBE . . . . 
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AMBOS  CAMARINES— Continued. 


No.of 
book. 


No.of 
page, 


94 
96 
99 
106 
107 
119 
120 
37 


Place. 


TsA&  Calambayungan.. 

do 

Bato-Balani 

....do 

Isla  Calambayungan.. 
..do. 


Subdivision. 


Date  of  flnt 
record. 


Date  of 
demarcation. 


Date  of 
concession. 


I 


Mambulao Nov.  11, 1898. 

do do 

Paraoale do 

do do 

Mambulao , do 

do I do 

Malay  V  Ogaguikjikan '  Labo |  Jan.    11.1899 

Cal^ult '  Paracale I do I 

Hanopol |  Caramuan |  Nov.    3,1898 


BATAAN. 


6 
5 

5 
5 
5 
5 

149 
144 

60 
61 
61 
62 

Biariveles 

do 

Mar.    7,1896 
Mar.  30,1*^7 

Nov.  10,1898 

do 

do 

..  ..do 

Sisiman 

Mariveles 

do 

do 

do 

do 

do 

do 

BENGUET. 


3 

48 

3 

52 

3 

179 

4 

7 

4 

5 

6 

73 

5 

74 

5 

76 

Loson^ 

La  Trinidad. 
Acupan 


Rio  Batuang  y  Nalabagon. 
PIquel 


Antamoc.. 
Ambudao. 
....do 


Tublay. 
.do.. 


Ytogon,. 


Ytoeon. 
Tublay.. 


Antamoc... 
Ambuclao.. 
....do 


July     6, 1895 
.do. 


Mar.  11,1896 


June  30,1896 
July     1, 1896 


Nov.  11,1898 

do 

do 


June  22,1896 
June  24,1896 
June  26,1896 


Nov.  28.  1896 
Do. 
Do. 


BONTOC. 


3      146     Deplas Sagada July  28,1895    June    8,1896     Nov.  28.  1896 


BULACAN. 


HI 
4 


120 
85 


Sapang-bacal. 
Pinugayan... 
.do. 


Sapang-bacal. 


do 

Mantamuro.. 


Angat 

do 

do 

San  Miguel  de 
Mayumo. 

do 

Angat 


Sept.  9,1873 
Feb.  22,1879 
Jan.   22,1853 

Nov.  2,1882 
Nov.  21, 1892 


Sept.  26,1876 
June  23,1880 
June  23,1856 

June  3,1883 
Apr.  16,1893 


Aug.  13,1880 
June  23,1856 

Dec.     7,1883 
June    9,1893 
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CAGAYAN  DE  laSAldS. 


No 

Names  of  mines. 

Mineral. 

No.  of 
perts. 

Area. 

Concessionaries,  etc. 

1 

Third-cUua  dainu. 
Riqueza '■  Oold 

26 
20 
61 
20 
60 

m 

1,500,000 
1,200,000 
3,660,000 
1,200,000 
3,600,000 

3,600,000 

Nonito  Prim  y  LIops 

5 

Dominolog 

do 

Antonio  Fuset 

12 

Cntman , 

do 

do 

13 

Pigtao 

do 

do 

96 

San  Isidoro 

do.  . 

Isidoro  Sanger 

99 

Sftn  f'nin, . 

do 

do 

CEBT>. 


FirsKUus  claims. 


MagaUanes Coal.... 

Nueva  Langreo ' do.. 

Cebuana ' do.. 

Portiella do.. 

LaMestiKa do.. 

Angelest do.. 

San  Julian , do. . 

San  Enrique j do.. 

Ra&el  Reyes ' do.. 

Carlota do.. 

Alfonso  XIII do. 


Maria  Cristina do 

Progreso do 

ReinaRegente Petroleum 

Langob Guano 

Cantera  Santa  Rosa  *. .   Building  stone. 


Angelest.. 
Alegria.. 


Thtrd-clast  claims. 


Santa  Rosa*. 
Danao 


VlsayasJ 

Luguayan^... 

Germania 

Amplicaci^n.. 

Ceb6 

Muao 

Dapdap 

Patroctnio 


Coal.. 
Petroleum. 


Building  stone. 
Coal 

do 

do 

do 

do 

do 

do 

do 

Petrolemn 


2 
2 
2 
2 

1 

12 
8 
4 
2 
1 
4 

4 

2 

2 

al 

ol 

8 
1 


300,000 
300,000 
300,000 
300,000 
150,000 
1,800,000 
1,200,000 
600,000 
300,000 
150,000 
600,000 

600,000 
300,000 
300,000 
20,000 
20,000 
1,200,000 
150,000 


20,000 
600,000 

600,000 
600,000 
3,450,000 
9,000,000 
4,050,000 
6,600,000 
6,750,000 
600,000 


Sociedad  Nueva  Langreo.. 
do., 
do., 
do.. 

do 

I  Ram<5n  Montafiez 

Sociedad  Nueva  Langreo., 

,  Ramdn  Montafiez 

....do.. 


Sociedad  Nueva  Langreo 

Comelio   Roberto   Blair   Pick- 
ford. 

....do ^ 

do 

do 

Ramdn  Montafiez 

Fausto  Tabotabo 

Ram<5n  Montafiez 

Smith,  Bell  <&  Co 


Antonio  Fuset. 
Enrique  Spitz.. 


.do., 
.do., 
-do., 
.do.. 


.do., 
.do.. 
.do.. 


Alvaro  Beltran  de  Lis.. 


INFANTA. 


LA  LAGUNA. 


1 

First-lass  claims 

Alfa 

Beta 

Delta 

EpsUon 

.   Kaolin 

ol 
ol 

20,000 
20,000 
20,000 
20,000 

Jos^  Martin  y  Martinez 

2 

do 

do 

3 

do 

do 

4 

......do 

do 

o  Authorisation. 
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CAGAYAN  DE  MISAMI8. 


N0.0I 
book. 


No.  of 
page. 


Place. 


Subdivision. 


Date  of  first 
record. 


Date  of 
demaroation. 


Date  of 
ooDcession. 


31 
114 


115 


Tacbongbong  ( Pigtao) . 

Domlnolog 

Catman 


Pigtao.. 
BItog.. 


Yponan.. 
Pigtao... 
do.... 


Calao. 


do. 
Munlque  &.  La- 

gaun. 
do 


May  3, 1898 
Nov.  3,1898 
....do 


....do 

Nov.  23, 1898 


.do.. 


CEBl^. 


102 

105 

107 

100 

201 

15 

16 

0 

103 

57 

54 

58 

56 

40 

57 

1 

154 

07 

42 

52 

53 

54 

55 

56 

57 

58 

50 

112 

Bairan 

lianganas-auas . 

Silangon 

Bairan 

Tugonon 

do 


SUi. 
Tag-angilan. 

Lup4 

Camansl 

Aotlne 


Yidiong 

Calumampao. 

do 

Tanguaya — 
Danahicon. . . 

Tugonon 

Talayon 


Danao. 
....do. 
....do. 
....do- 


do 

Ck)mpostela. 

Danao 

Compostela. 

Danao 

Toledo 


Panahioon.. 
Camansl.... 


Santa  Rosa 

....do 

Sill  OT  San  Julian 

Llcos 

Santa  Rosa 

Parel  Muao  and  Ck)toot. 

Dapdap 

Sam-ang 


....do 

....do 

do 

Catmon 

Taburan 

Compostela. 
Alegria 


Taburan 

Danao  and  Com- 
postela. 

do 

do 

do 

do 

do 

do 

....do 

Toledo 


June  13,1887 
June  28,1887 
July  8,1887 
July  14,1887 
.do. 


Mar.  17,1890 
Mar.  264890 
Sept  12,1892 
June  30,1894 
Mar.  6,1895 
Feb.   18,1892 

July  15,1895 
Feb.  12,1892 
June  15,1891 
Feb.  15,1892 
Nov.  28,1888 
Apr,  4,1896 
Jan.     7,1806 


Nov.    3,1808 
Nov.    5,1898 


do 

do 

do 

do 

do 

do 

do 

Nov.  22,1898 


Jan.  19,1888 
Jan.  25,1888 
Jan.  27,1888 
Jan.  28,1888 
Jan.  29,1888 
Feb.  14,1891 
17,1891 
11,1894 
12,1895 
27,1896 
19, 1806 


Feb. 
Feb. 
Feb. 
Feb 
Mar. 


Mar.  17,1806 

Mar.  14,1896 

Mar.  4,1892 

Jan.  29,1893 

Feb.  14,1890 

Feb.  5,1898 

Jan.  7,1808 


Mar.  13,1888 

Do. 

Do. 

Do. 

Do. 
May  16,1801 

Do. 
July     5,1804  . 
Oct    11,1805 
June    6, 1806 
June  10,1806 

Do. 

Do. 

June  18,1802 


Mar.  23,1808 
Mar.     0,1808 


INFANTA. 


6      104     MonteMalolo PoUllo Nov.  11,1808 


LA  LAQUNA. 


LupangPutl. 
.do 


.do. 
.do. 


Los  Bafios . 

....do 

....do 

....do 


Apr.  23,1805 

do 

do....... 

Apr.     3, 1895 


Dec.   16,1805 

do 

Dec   17,1805 
....do 


Jan.    10,1806 
Do. 
Do. 
Do. 
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LE  PANTO. 

Table  111.— IasI  of  mines 

No. 

1 

Names  of  mines. 

Mineral. 

Gold 

do 

do 

do 

do 

do 

do 

: 

do 

do 

Copper 

No.  of 
perts. 

Area. 

Concessionaries,  etc. 

First-class  claims. 
Pilar 

2 
2 
2 
2 
2 
2 
2 
2 

2 

2 

o2 

o2 

2 

2 

20 
1 
20 
2 
2 
2 

2 

20 
2 
20 
20 

120,000 
120,000 
120,000 
120,000 
120,000 
120,000 
120,000 
120,000 

120,000 

120,000 

83,000.62 

83,848.62 

120,000 

120,000 
1,200,000 

60,000 
1,200,000 

40,000 

40,000 

40,000 

40,000 

1,200,000 

120,000 

3.000,000 

3,000,000 

RafAfk]  YftT?pnft« 

2    SantaRIta 

do 

3     San  Luis 

do 

4     San  Antonio 

do 

G     San  Alberto 

Jos^  Mills 

7     Adela  v  Micaela 

do 

8 

Pilar  y  Mercedes 

Maria  Asmicidn  y  San 

Lorenzo. 
San  Eugenlo  y  Edu- 

arda. 
San  Fernando  y  San 

Isidoro. 
Name    unknown,-   at 

Santa  Barbara. 
CAntabro  FUIpino 

Carmen 

do 

0 

do 

10 

11 

Federico  Lopez  Paacual 

7 

Venancio  Balbas 

0 

do 

do 

7 

Qoid 

JosdMiUs 

66 

Third-class  claims, 
Dugon 

Gold 

do 

Edouard  C.  Andr4 

67. 

Oubasau 

do '...'..'.'.'.'... 

68 

Call 

do 

do                                    .  . 

69 

Pacal 

.do.. 

do                                             ' 

70 

ModemalsabeUta 

Modema  MontaAesa . . . 

Copper 

do 

do 

71 

do 

72 

Moderna     Bella 

Modema  Belen  Echa- 
gtto. 

Ysmay 

Gatugat 

Harmonia 

La  Esperanza 

do 

.do.     .                      

73 

do 

do                                .  . 

74 

Gold 

do 

75 

do 

Copper 

do 

do.                     

101 

M.  C.  Hermann 

102 

.do..    .            

LEYTE. 

First-class  claims. 

Ntra.    Sra.    del    Car- 

men-t 
La  Amlstad* 

Gold 

2 
2 

2 

1 

2 

1 
2 

1 

2 

60,000 

120,000 
120,000 
20,055 

120.000 
60,000 
150,000 

300,000 
150,000 
120,000 
60,000 

120,000 
28,134.37 

'>  Overplus. 

Aldecoa  &  Co 

2 

do 

do 

3 

BilbainaJ 

do 

.do 

Overplus  between  the 
above  three.  | 

Santa  Rosalia  | 

San  Antonio  S 

do 

Sulphur 

do 

do 

4 

Prudencio  Ruiz 

5 

.do 

1 

AlfonzoXIII 

Petroleum 

Sulphur 

Smith   Bell  &  Co     . 

6 

TMrdrclass  claims. 
Cablbljan  | 

Antonio  Fuset 

11 

Cajucaol 

do 

.do       

14 

Amlstftd* 

Gold 

do 

15 

Ntra.    Sra.    del   Car- 

men.t 
BilbainaJ 

do 

..  ..do 

16 

do 

.     ..do 

17 

Overplus  between  the 
above  three.  § 

do 

do 

«C 

)ld. 
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LEPANTO. 


Date  of 


LEYTE. 


7 

40 

7 

70 

7 

68 

7 

91 

7 

90 

7 

123 

4 

150 

5 

22 

5 

29 

5 

32 

6 

33 

5 

84 

5 

35 

Plnutan. 


Tlgbanan.. 

...r.do 

do 


Monte  Cayblran. 

Cajucao 

Su-uy 


Cablbljan. 

Cajucao 

Amistad 

Ntra.  Sra.  del  Carmen. 


BUbalna.. 
Plnutan.. 


Lllolan.. 


..do 

..do 

..do 


Caybiran. . . 

Naval 

San  Isldro. 


Cayblran 

Naval 

Isla  de  Panaon. 
.....do 


.do. 
.do. 


Feb.     6,1876 

Nov.  27,1876 
Jan.  6,1877 
Sept.  28,1877 

April  2,1878 
Sept  4,1878 
Dec.  29,1896 


Nov.  3,; 
....do... 
....do... 
....do... 


.do. 
.do. 


June  15,1877 

June  16,1877 

do 

May    8, 1878 

May  4, 1878 
May  20,1882 
Dec.   26,1897 


Nov.    6,1877 

Do. 

Do. 

July   16,1878 

July  12,1878 
Dec.  13,1882 
Mar.    9,1808 
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MANILA. 


No. 

Names  of  mines. 

Mineral.          No.^»' 

Area. 

Concessionaries,  etc. 

2 

FirtKlass  claims. 

Cantfira     Santo     Do- 
mingo. 

Third-class  claims. 

Montalban..    .. 

BuUdlng  Stone.. 
Building  stone 

a\ 

20,000 

Maroelo  Dominguez 

26 

20,000 
20,000 
20,000 
20,000 
4,500,000 

Ramdn  Montafies .... 

27 

Sablayan 

do i 

do 

28 
29 

San  Mateo 

Pamitinan 

do • 

do 

do 

'.'.'.'.'.do. ..'..........,.  . 

30 

Binacungan. 

Coal 1       30 

MASBATE. 


1 

FiTSt<lass  claims. 
San  Jo8^ 

Coal 

4 

4 

600.000 
600,000 

Jo86Mufloi 

2 

Santa  CruE 

..    .do 

Jos6  Mufloz  de  Bustillo 

MINDORO. 


First-class  claims. 
Santa  Maria 

Coal 

do 

? 

300,000 

Antonio  de  Yrlbar 

2 

Carolina 

600.000 
600,000 
600,000 
600,000 
600.000 
600,000 
600,000 
600,000 

600,000 

Rafael  Cascarosa  y  Martlnei 

do 

3 

San  Armando 

do 

4 

5 

San  Rafael 

San  Claudio 

do 

do 

do 

do 

6 
7 

San  Joaquin 

Pan  Ram<!^n  . . , 

do 

do 

do 

do 

do 

8 

Ban  ClemAptA 

...do 

0 

Prudencla 

Seamd<lass  claims. 
San  Felix 

do 

do 

13 

Coal 4 

Victor  Herrera 

MORONO. 


First-class  claims. 

1 

Cantera  Santa  MatUde. 
Cantera  Santa  Rosa  *. . 

Building  stone.. 
.  ..do 

al 
ol 

20.000 
20,000 

Third-class  claims. 

25 

MayMang&*. 

Building  stone. . 

' 

20,000 

Angel  Tapla  y  Aragones.. 
Fausto  Tabotabo 


Ramdn  Montafies. 


NEGROS  OCCIDENTAL. 


1 

Second<la8S  claims. 
Nuevo  Cardiff 

Coal 

4 
4 

600,000 

600,000 
600,000 

Martin  Buk  and  Joaquin  Casa- 

novas. 
do 

2 

Nuevo  Cardiff  2d  .  . 

.      do 

3 

Nuevo  Cardiff  3d 

do 

do 

B  Authorization. 
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MANILA. 


No.  of  No.  of'                   p,_^ 
book.  page.                    ^^^' 

Subdivision. 

Date  of  first 
record. 

Date  of 
demarcation. 

Date  of 
concession. 

7        18ft 

Sablayan 

Montalban 

Montalban 

do 

July   21,1887 
Nov.    3, 1898 

Mar.  17,1888 

Mar.  21,1888 

5 
6 
5 
5 
5 

44 

Sablajran  and  Pamltiman. . 
do 

45 
46 

47 
48 

do 

.  do 

do 

do i 

do 

do 

do ! 

Binaoungaii 

do 

do             J 

1                        1 

MA8BATE. 


7      188     Nabangig.. 
7      180   do 


Cataingan. 
do 


July   16,1887 
July  27,1887 


Feb.  27,1888 
Feb.  29,1888 


May  31,1888 
Do. 


MINDORO. 


Palnan... 

Slay 

Napisi&n. 

Siay 

NapislAn. 
Slay....... 

.do- 


42     Napisiin. 
41  L....do.... 


Semerara.. 

BuUUacao. 

do...- 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 


Mar.  1,1889 
Jan.  10,1892 

do 

do 

do 

do 

....do 

....do 

....do 


20    Catalctlcan Bulalacao May     1,1896 


Jan.  29,1893 
Feb.  1, 1893 
Feb.  9,1893 
Feb.  3,1893 
Feb.  11,1893 
Feb.  6,1893 
Feb.  8,1893 
Feb.  14,1893 
Feb.  15,1893 


May  12,1893 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


MORONQ. 


211 
216 


MayPutl.... 
May  Mang&. 


43     MayMangi. 


Blnan£:onan  . 
do 


Binan^onan Nov.    3,1898 


Nov.  6,1886 
Feb.  23,1889 


Oct.  17,1889  Nov.  18,1889 
....do Do. 


NEGROS  OCCIDENTAL. 


4 

12 

4 

17 

4 

22 

Calatoy ■  Calatrava. 


Macasilao., 
do 


.do. 
.do. 


I 


Mar.  22,1896 


.do. 
.do. 
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NUEVA  ECDA. 


No. 

Names  of  mines. 

Mineral. 

No.  of 
perts. 

Area. 

Conoessionaries,  etc. 

1 

First-cUus  cUUnu, 
La  Aurora. 

Gold 

2 
2 

60 
60 
60 
30 

120,000 
120,000 

3,600,000 
3,600,000 
3,600,000 
1,800,000 

Arturo  Carlos  Fleming 

2 

Santa  Catalina 

do 

do ." 

7 

Third-cUus  clainu. 
Bantiago 

Gold 

Emilio  Sprungll 

8 

Pulo-nl- An  ton 

..  .  do 

do. .'. T 

0 

Tarlan 

do 

do 

100 

Cabu  River 

..  ..do 

R.  Gray 

' 

rombl6n. 

20 

Tkird-cUus  claims. 
Rombldn 

Building  stone.. 
do 



20,000 
20,000 
20,000 
•20,000 

Antonio  Fuaet 

21 

Bombon ...         

do 

22 

Tongo 

do 1 

do 

23 

San  Antonio 

do               ! 

do 

I                             i 

SAMAR. 

97 

TUrd-dass  daima. 
San  Jos6 

Coal 

30 

4.600,000 

Isidore  Sanger 

SO 

RSOOd 

2 
2 

2 

24 
4 
2 

>N. 

4 

Fir8t<la99  claims. 
Balenna 

Coal... 

150,000 
160,000 
150,000 
600,000 
150,000 
300,000 
600,000 
150,000 
150,000 
300,000 
300,000 

300,000 
150,000 
3,600,000 
600,000 
300,000 

300,000 
600,000 
900,000 
600,000 
600,000 
600,000 
600,000 
600,000 

Villanueya  A  Co 

5 

Urgera 

do 

do 

6 

Ganalda. 

.    do 

do 

7 

San  Francisco 

do 

Emilio  Mufloi 

8 

PersGverancitt 

.    do 

Villanueva  <fc  Co 

3 

Sodupe 

do 

Jacinto  GU  Gorroflo 

0 

Bilbao 

.    do 

do 

10 

Lucas  y  Josefa 

do 

do 

11 

Chlflaaura 

do 

do 

12 

Presentacidn.      .  . 

.    do. . 

.    do.. 

13 

Olaveaga 

do 

do 

17 

Second-dass  claims. 
Palma 

Coal 

Raf^  Vlch  y  Roaelltf 

15 

Elisa 

....do 

Enriaue  Oil  Gk>rroflo 

18 

Vizcaya 

do 

Jacinto  Gil  Gorrofio 

14 

Juanlio 

do 

Enrol ue  Gil  Gorrofto 

16 

LIdia 

do 

do '.' 

3 

Third-class  claims. 
Sin  Nombre 

Coal 

Henry  Brodek. . .              .     . 

4 

Paz 

do 

Enriaue  Gil  Gorrofio 

10 

do 

Jos6  verches  y  Vera 

18 

Magal^nes 

do 

Antonio  Fuset 

31 

San  Jacinto 

do 

Jacinto  Gil  Gorrofio 

32 

San  Enrique 

do 

do...    . 

33 

San  Ramiro 

do 

do 

105 

Butuan 

do 

Joed  Maria  Ycsiaz. . 

a  Overplus 
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NUEVA  ECUA. 


No.  of  No.  of; 
book.  page. 

Place.                  ' 

Subdivision. 

Date  of  first 
record. 

Date  of            Date  of 
demarcation,     concession. 

2! 

Q7 

Pnlo-nl-Anton. 

Oanan . . 

May  12,1894 
do 

Mar.  18,1896     May   1,1895 
Mar.  23,1895             Dn. 

2!      m' 

do 

do 

5 
6 
5 
5 

23 
24 
25 
116 

Pulo-nl- Anton 

Oanan 

Nov.    3,1898 

do 

do 

do 

Tarian 

Rio  Cabu. 

do 

do 

Mataas    afig 
Pampang. 

Dec.   12,1898 

rombl6n. 

1 

5        38 

RombWn 

Bombon 

Tongo 

San  Antonio 

IslaRombldn... 
....do 

Nov.    3,1898 
do 

1        5        39 

'        5        40 

do 

do 



! 

51    S 

do 

do 

1 

SAMAR. 

1           i 

5       113 

Loquiloco 

Nov.  23,1898 

1 

S0R8000N. 

2  '     85     Pututan 

2         «fl     Vftnwilon 

Bacon 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

.do 

Dec.  21,1893 
do 

May  17,1896 
do 

Aug.  16,1895 
Do. 

2 
2 
2 
2 
3 
3 
3 
3 
3 

4 
4 
4 
4 
4 

87 
88 
89 
84 
3 

,? 

19 
21 

168 
164 
170 
162 
166 

Liguan 

do 

Malabog 

Napisay 

Calabangan 

Catlcatigahan 

do 

Saburi 

Aguis 

Burad 

Isla  de  Batan 

do 

do 

Dec.   30,1893 
Jan.    31,1894 
Dec.   20,1893 
Apr.  28,1894 
Oct.   26,1894 

do 

Mar.  24,1895 

do 

Nov.    5.1897 
Aug.  10,1897 
Dec.    13,1897 
Aug.  10,1897 
do 

May   19,1895 
May  25,1895 
May   15,1895 
Oct.   22,1895 
Oct.    29,1895 
Nov.    1,1895 
Nov.    5,1895 
Oct.   24,1895 
Oct.    26,1895 

Do. 
Oct.    11,1895 
Aug.  16,1895 
Dec.     6, 1895 

Do. 

Do. 

Do. 

Do. 

Do. 

1 

Bahe 

do 

Catigahan 

do 

5  1      18 
5         19 
5        26 
5        36 
5        49 

5  50 

6  61 
5  1     121 

Libod 

Isla  de  Batan  . . . 

Bacon 

Isla  de  Batan... 

Magallanes 

Bacon 

do 

Oct.    28,1898 

Isla  de  Batan 

Bnmd  y  Manila, 

Sept.  10, 1898 
Nov.    3,1898 
do 

Carisan' 

Isla  de  Batan 

Sept  15, 1898 
do 

1 

do 

do 

do. 

..do. 

Blrorabato  y  Butuan 

do 

Jan.    12,1889 

1  .  — 
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o«. 

^rvj,uA 

yj. 

No. 

Name  of  mines. 

MlneraL 

No.  Of 
perts. 

Area. 

Concessionaries,  etc. 

1 

FtttrdoM  cUUmi, 

Gold 

do 

do 

do 

do 

62 
2 

? 

2 
2 

30 
60 

3,120,000 
120,000 
120,000 
60,000 
120,000 
120,000 

1,800,000 
9,000,000 

Williams  Urquhart 

2 
3 

Maria  y  Leopolda 

Mundaca 

Andres  y  Agustlna. . . . 

Vl£caya 

CastUla 

TMrd-dast  claims. 

Dinagat 

Cacub 

J<39e  Cortes  y  Domlnguez 

do 

4 

do 

5 

do 

6 

do 

do 

03 

Gold 

Isidoro  Sanger. 

04 

Coal 

do 

TAYABA8. 

79 

TfUrd-cUus  claima. 
Good  Hope 

Coal 

600,000 
600,000 
600,000 
600,000 
600,000 
600,000 
600,000 
600,000 
600,000 
600,000 

Edouard  C  Andn5 

80 

do 

do 

81  1  Wealthy 

do 



do 

84     Franco 

do 

do 

85  i  Abondance 

do 

.    do. 

86 

Saint  Barbe 

Arblgny 

Jean 

Auguste 

Richfield 

do 

do 

87 

do 

.    do. 

89 

do 

do 

92 

do 

-.    do... 

95 

:::::do.:::.::::: 

do 
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# 

5 

95 

5 

96 

5 

97 

6 

100 

5 

101 

5 

102 

5 

103 

5 

106 

5 

106 

5 

111 

Arroyo  Bongaon.. 

Bamoang 

AiToyoCaglatl... 

Baao 

Sanjlrin 

Malay 


SURIGAO. 


No.  of 
book. 

4 
4 

4 
4 
4 
4 

5 
5 

No.  of 
page. 

Place. 

SuMlvlloa.       ^"i^°/«"t 

Date  of 
demarcation. 

Date  of 
concession. 

134 
172 
176 
180 
184 
188 

109 
110 

Cansuran 

Tinabigan 

Cantuan 

Isla  Campifia 

Uacatan 

Tinopan 

Cftgdayano . 

Surigao 

Placer 

do 

do 

do 

do 

Dinagat 

Apr.  28,1897 
May     4, 1897 

do 

do 

do 

do 

Nov.  14,1898 
do     

Oct.   15,1897 
Nov.  11,1897 
Nov.  13,1897 
Nov.    9,1897 
Nov.  18,1897 
Nov.  16,1897 

Dec.  10,1897 
Mar.    9, 1897 

Do. 

Do. 

Do. 

Do. 

Cacub'y  Dapa 

Numancia 

1 

TAYABAS. 


Gumaca. . . 

....do 

....do 

Mauban..., 

....do 

....do 

....do 

Mte.  Malagomon t do 

Baao do 

Camagon A timonan. . 


Nov.  11,1898 

do. 

do. 

....do. 

....do. 

do. 

do. 

do. 

do. 

do. 
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(From  The  Far  Bastem  Reyiew,  March,  1907,  p.  884.) 

XINS&AL  BSSOIOtCES  OF  IL0008  HOETE. 

(Edited  by  the  Bureau  of  Science,  Manila. )« 

By  Wabben  D.  Smith. 

In  the  n(»theasternmo6t  part  of  Luzon  there  is  a  district  bounded  on  the 
west  by  the  China  Sea,  on  the  east  by  the  Caraballo  del  Norte  Range,  and  on 
the  north  by  the  Formosa  Straits,  which  bids,  in  time,  to  become  a  very  rich 
mineral  region,  and  this  district  will  probably  be  known  not  for  its  gold  or 
copper,  though  there  is  undoubtedly  some  of  each  of  these  minerals,  but 
through  its  nonmetallic  minerals — ^asbestos,  phosphate,  mica;  and,  in  all  like- 
lihood, it  will  yield  gem  minerals.  Ilocos  Norte  is  mountainous  over  most  of 
Its  territory.  These  mountains  are  very  high  along  its  eastern  boundary  be- 
tween Cagayan  and  Ilocos  Norte,  with  considerable  foothill  country  to  the 
west  and  a  coastful  plain  varying  from  1  to  7  miles  in  width,  being  a  very 
irregular  strip.  The  Caraballo  Range  trends  north  and  south,  and  likewise 
the  minor  ranges  to  the  west,  with,  of  course,  occasional  exceptions  here  and 
there,  spurs  and  offshoots,  which  tend  to  have  an  east-and-west  trend,  the  most 
notable  case  being  the  long  black  range  running  eastward  from  Cape  Bojeador. 
The  mountains  of  that  part  explored  by  me  are  not  high,  2,000  feet  being  the 
limit,  but  the  relief  is  quite  pronounced.  In  reality  there  is  a  plateau  of  this 
height  which  extends  from  Pasuquin  northeast  to  Bangui.  This  plateau,  not 
over  2,000  feet  high,  is  deeply  cut  by  several  rivers,  thus  giving  a  pronounced 
relief  to  the  topography.  The  principal  rivers  are  the  Laoag  and  the  Bacarra, 
flowing  west  Into  the  China  Sea,  and  the  Bamban  northward  into  Formosa 
Straits,  near  Bangui.  None  of  these  rivers  are  navigable  for  large  craft,  and 
the  Laoag  is  the  only  one  large  enough  even  for  virays. 

Good  harbors  are  scarce  on  this  coast.  In  the  typhoon  season  it  is  very 
dangerous,  there  being  no  entirely  safe  shelter  on  the  whole  west  coast  north 
of  Subic  Bay.  In  all  ordinary  weather  good  anchorage  may  be  found  in 
Bangui  Bay  during  the  southwest  monsoon.  In  the  northeast  monsoon  the 
north  coast  is  out  of  the  question.  Of  the  harbors  on  the  west  coast  there  are 
only  three  which  are  used — ^the  Dirique,  Currimao,  and  Salamague — the  last- 
named  the  best.  All  of  these  are  reef  bound  and  have  to  be  entered  with  the 
greatest  caution. 

The  climate  of  Ilocos  Norte  is  considered  very  healthy,  l)eing  much  cooler 
here  than  in  most  coast  provinces,  and  its  seasons  are  quite  regular.    In  the 

<»This  department  will  be  a  regular  feature  of  the  Far  Eastern  Review,  and 
will  prove  of  general  interest  and  value,  especially  to  the  miners  of  the  Philip- 
13ine  Islands.  It  will  contain  a  variety  of  reliable  articles,  observations,  and 
notes  concerning  the  minerals  of  the  archipelago,  their  development,  observa- 
tions on  the  mining  situation,  reports  on  the  progress  of  development  work  by 
private  interests,  notes  of  a  personal  nature  dealing  with  the  movements  and 
doings  of  the  miners,  and  a  fund  of  other  useful  information,  all  of  which  is 
expected,  in  a  small  way  at  least,  to  help  along  mining  enterprise.  In  order  to 
give  special  weight  to  the  department,  as  regards  accuracy,  etc.,  we  have  ar- 
ranged with  tlie  Director  of  the  Bureau  of  Science  to  have  the  matter  edited 
by  the  Chief  of  the  Division  of  Mines. — Editor's  note. 
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time  of  the  northeast  monsoon  the  north  coast  is  very  windy  and  cool.  During 
this  season  the  city  of  Laoag,  capital  of  the  province,  is  very  healthful  and 
pleasant  to  live  in.  The  word  "  Laoag  "  in  the  Ilocos  dialect  means  blue  skies. 
Geologically,  the  province  of  Ilocos  Norte  is  quite  distinct  from  any  other  I 
have  been  in  or  of  which  I  have  any  data.  It  is  distinctly  a  metamorphic  area, 
and  so  similar  in  many  ways  to  areas  in  the  California  coast  range  that  anyone 
familiar  with  the  latter  could  very  easily  persuade  himself  that  he  was  really 
not  in  the  Philippines  at  all,  but  wandering  over  the  hills  near  Berkeley,  Cal. 
A  simple  statement  of  the  formations  in  the  order  of  their  probable  position 
will  be  sufficient  in  an  article  of  this  kind.  From  above  downward  we  find  the 
following  formations:  Raised  coral  reefs,  marl  beds,  these  two  belonging  to  the 
Pleistocene;  calcareous  sandstone,  coarse-grained  sandstone,  a  brecciated  jasper 
formation ;  then  follows  an  unconformity,  below  which  are  eruptive  conglomer- 
ates and  tuff  deposits,  granulite  dikes.  Bordering  the  eruptive  conglomerates 
and  the  granulite  is  a  l)e]t  of  schistose  rocks.  The  basal  formation  of  the  whole 
district  is  a  dark,  fine-grained,  in  places  slightly  porphyritic,  igneous  rock, 
which,  for  purposes  of  convenience,  we  shall  call  a  dolerite.  The  asbestos 
deposits  occur  in  the  last-named  formation,  the  manganese  as  veins  in  the  erup- 
tive conglomerate  formation.  In  the  schistose  rocks  are  found  various  minor 
products,  namely,  micas  and  talc,  which  may  prove  of  future  value.  It  is  not  to 
be  understood  from  this  enumeration  of  formations  that  the  whole  succession  is 
to  be  found  continuous  over  the  whole  area.  Indeed,  ciplift,  folding,  and  subse- 
quent degradations  have  wrought  great  havoc  in  the  stratigraphic  column, 
and  it  is  only  by  piecing  together  bits  of  information  here  and  there  that  we 
have  been  able  to  reconstruct  a  record  of  the  probable  past  events. 

Xlneral  Besouroes. 

Not  until  within  the  last  year  or  two  has  any  systematic  prospecting  been 
done  in  this  province,  and  only  within  the  last  year  has  any  development  work 
been  carried  on.  And  to  my  knowledge  no  geologist  or  mining  engineer  had 
ever  visited  this  region  previous  to  this  time.  It  was  long  known,  however,  to 
Sefior  La  Have,  who  owns  several  large  estates  near  Bengul,  that  mineral  fiber 
existed  on  this  land,  though  he  never  fully  appreciated  the  fact.  The  deposits 
which  are  being  developed  there  now,  and  which  may  prove  very  valuable 
assets  to  the  province,  are  as  follows:  Asbestos,  manganese,  granite  building 
stone,  mica  and  talc,  feldspar  and  quartz  deposits,  mineral  paint  (ocher),  and 
apatite. 

Besides  these  there  are  remote  possibilities  of  gem  minerals  being  found. 
There  have  been  found  also  some  poor  specimens  of  opal ;  also  the  indications 
appear  good  for  the  discovery  of  tin. 

Asbestos. 

As  yet  no  first-grade  asbestos,  or  chrysotlle,  has  been  found  in  workable 
quantities,  though  there  is  every  reason  that  such  will  be  obtained  after  more 
development  work.  Owing  to  an  erroneous  and  entirely  misleading  quotation 
puriwrtlng  to  have  come  from  the  bureau  of  science  and  appearing  in  one  of 
the  Manila  dailies,  and  quoted  In  this  paper,  inquiries  have  been  coming  into  us 
from  several  Europt»an  countries.  To  straighten  out  the  matter  I  shall  quote 
from  my  rei)ort  (at  that  time  confidential)  to  the  chief  of  the  division  of  mines: 

*'At  present  I  have  to  say  that  while  there  is  not  one  ton  of  asbestos  in  sight 
(I  am  using  this  in  the  sense  understood  by  engineers)  In  the  whole  region 
visited  by  nie,  the  Indications,  moreover,  seem  quite  good  for  getting  out  in 
time  a  fair  grade  of  asbestos  and  In  goodly  quantities." 

The  variety  which  is  being  taken  out  now  Is  the  amphlbole,  anhophylllte,  and 
tremollte,  and  is  characterized  by  having  its  fibers  parallel  to  the  walls  of  the 
vein.  These  fibers  vary  from  a  fraction  of  an  inch  in  length  to  a  foot  or  more. 
They  vary  also  In  color,  from  a  dirty  yellow  to  a  silky  white,  and  in  hardness 
also.  On  the  Dungan-Dungan  estate,  in  an  estero  of  the  Baruyen  River,  one 
finds  the  nearest  approach  to  the  chrysotlle  asbestos,  but  there  the  fiber  is 
irregular,  being  found  In  pockets  and  along  shear  zones  in  the  serpentine.  It 
is  unfortuate  that  at  the  time  of  my  visit  floods  and  landslides  had  almost 
completely  obliterated  the  work  Mr.  Burdette  had  done  at  this  locality. 
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Indications  of  asbestos  have  been  found  at  tbe  following  localities :  Baruyen 
Hill  (schist  area),  Baruy^i  Valley,  Dungan-Dungan  (serpentine),  Baruyen 
Valley  (very  promising),  Caraon  River  (schist  area),  near  Pasuquin,  Dalumat, 
near  Pasuquin  (schist  area). 

In  the  most  prominent  asbestos  regions,  as  the  Thetford,  Canada,  the  serpen- 
tine areas  have  been  proved  to  be  the  most  productive,  and,  besides,  are  more 
easily  worked. 

Manganese. 

Manganese,  in  the  form  of  the  oxide,  pyrosullte,  often  mixed  with  llmonlte, 
has  been  found  in  a  rather  limited  area  adjacent  to  the  barrio  of  Nagpartlan. 
We  find  these  in  its  most  typical  occurrence.  All  that  I  have  yet  seen  comes 
from  an  eruptive  conglomerate  mass,  which  forms  prominent  black  ridges  on 
the  north  coast  and  about  2  miles  south  of  Nagpartlan.  The  manganese  had 
its  origin  in  small  veins  and  pockets  between  the  igneous  bowlders  of  the  mass, 
but  has  since  been  concentrated  by  natural  processes,  and  where  it  is  being 
opened  up  now  is  found  as  a  blanket  deposit  consisting  of  an  entirely  loose, 
more  or  less  rounded  nodules  in  a  matrix  of  very  red  ferruginous  soil. 

As  to  the  workable  quantity  of  this  ore  we  can  not  as  yet  predipt  The  surface 
indications  are  quite  widespread,  for  wherever  one  goes  over  this  eruptive 
mass  he  will  find  these  pyrosullte  nodules  scattered  over  the  surface. 

At  present  one  company  is  opening  up  a  small  surface  deposit  between  two 
limestone  hills  about  one-quarter  hiile  from  Point  Negra,  where,  if  the  deposit 
proves  to  be  of  any  extent  and  depth,  there  will  be  no  difficulty  in  getting  it 
aboard  ship. 


(From  The  Far  Eastern  Review,  March,  1007,  p.  330.) 

SA8TEBH  Knrnra  cokpahy's  xasbate  woexihgs. 

By  A.  J.  EvELAND,  Mining  Engineer. 

The  Aroroy  mining  district,  on  the  northeastern  coast  of  the  island  of  Mas- 
bate,  has  be^i  probably  the  most  prominent  of  the  mineral  areas  under  explo- 
ration since  American  occupation  of  the  Philippine  Islands.  The  E3astem  Min- 
ing Company  was  one  of  tlie  pioneers  in  the  Philippine  field,  and  bas  been  the 
most  prominent  concern  of  the  Aroroy  region.  Its  property  comprises  17  lode 
claims  of  the  following  names  and  sizes : 

Acres. 

King 22.9568 

Have  Got  (fraction) 21.5889 

Nebraska  Star 22.9568 

Holy    Mosee : 22. 5310 

Elise 2^5968 

Sweetheart 22.5968 

Mabel    (fraction) 22.9005 

Nancy    (fraction) 22.8163 

Mountain   Maid 22.9568 

Can  Do  (fraction) 6.0067 

Never  Sweat  (fraction) 10.9381 

Doris  (fraction) 12. 7339 

El   Dlnero «22.6 

El  Oro , «22.5 

Alice i__«22.5 

Jessie    (fraction) «20.0 

Katherlne    (fraction) ^._._  «2.5 

The  holders  of  the  first  12  claims  above  organized  In  1901  and  incorporated 
in  1903  the  Eastern  Mining  Company,  of  which  the  officers  are  at  present  as 
follows:  President,  A.  Helse;  vice-president  and  secretary,  George  Morgan; 
treasurer,  Gay  H.  Parsons;  directors,  A.  Helse,  C.  H.  Parsons,  T.  D.  Altken, 
W.  J.  Shaw,  B.  H.  Berkengotter,  and  T.  M.  Devllbllss. 

The  total  area  of  the  property  Is  about  340  acres,  all  of  which  has  been  sur- 
veyed, and  the  first  12  claims  named — 240  acres  in  area — are  in  process  of  pat- 
enting, all  the  papers  having  been  filed. 

The  claims  are  situated  on  the  Guinabatan  River,  about  4  miles  from  the  vil- 
lage of  Aroroy,  which  is  on  the  northeast  coast  of  the  Island  of  Masbate. 

The  Island  is,  in  latitude,  centrally  situated  in  the  Philippine  group  and 
reached  by  steamer  from  Manila  In  about  twenty-four  hours'  run.  Aroroy  Is  a 
village  of  a  few  houses,  a  school,  and  a  post-office,  of  no  particular  Importance 
except  as  the  port  for  the  mineral  region  known  by  the  same  name.  The  vil- 
lage is  on  the  south  shore  of  the  Porto  Barrera,  a  wide  bay  which  extends  almost 
to  the  other  side  of  the  island.  South  of  the  village  on  the  hills  back  of  the 
town  Is  the  mineral  region,  extending  to  the  southeast  to  a  distance  not  yet 
known.  Present  operations  are  confined  to  the  region  along  the  Lanan  and 
Guinabatan  rivers,  both  of  which  discharge  into  the  Porto  Barrera. 

Aroroy  Is  the  ix)rt  of  call  for  only  one  or  two  steamers,  and  the  direct  calls 
do  not  average  more  than  two  a  month.  Masbate,  however,  about  30  miles 
down  the  east  coast,  is  the  largest  and  most  Important  town  on  the  Island  and 
the  seat  of  local  government,  and  here  better  than  weekly  calls  obtain.  From 
Manila  to  Aroroy,  a  distance  of  250  miles,  the  time  of  passage  Is  from  twenty- 
four  to  forty  hours,  thirty  hours  being  about  the  average,  though  bad  weather 
may  delay  the  small  steamers  to  a  considerable  extent.  Masbate  Is  practically 
the  same  distance  from  Manila  in  point  of  time.  There  Is  a  weekly  mall  service 
between  Masbate  and  Aroroy,  and  a  gasoline  launch  is  available  at  Masbate  or 
at  Aroroy,  upon  notice,  for  passengers  or  a  few  tons  of  freight 

•  Approximately. 
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Quicker  passage  mny  sometimes  be  obtained  by  going  to  Sorsogon  from 
Masbate  and  catching  one  of  the  almost  daily  steamers  from  tbere  to  Manila, 
or  the  reverse  trip. 

From  Aroroy  to  the  BJasteru  property  there  is  a  horse  trail  in  very  poor  con- 
dition over  the  first  3  miles,  until  the  Guinabatan  River  is  reached.  For  the 
remaining  distance  of  not  more  than  2  miles  the  trail  follows  the  river  and 
is  in  good  shape.  Over  this  portion  of  the  trail  a  wagon  road  is  l)eing  built, 
which  will  extend  from  the  Ejastem  Mining  Ck)mpany*s  property  down  the 
river  to  the  head  of  tide  water  on  the  Guinabatan  River.  The  lower  2  miles 
of  this  road  has  been  completed  at  a  very  low  figure,  and  on  its  completion 
freight  may  be  brought  via  water  around  on  the  Guinabatan  River  up  to  the 
first  camp,  which  marks  the  head  of  the  light  navigation,  and  there  landed 
at  considerably  less  expense  and  in  less  time  than  as  now,  landing  at  Aroroy. 
Cnscoes  can  be  loaded  from  the  ship's  side  and  can  transfer  their  freight  direct 
to  the  wharf  on  the  wagon  road. 

EYeight  charges  are  extremely  variable.  From  the  best  information  that 
could  be  gathered  the  rates  from  Manila  to  Aroroy  will  average  94  to  WO 
($2  to  $5  United  States  currency),  depending,  as  usually  is  the  case  with 
water  transportation,  on  the  character  of  the  material,  space  occupied,  and 
weight. 

Ftom  Aroroy  to  the  mine  all  freight  is  at  present  packed  on  carabao  at  the 
rate  of  ?^.90  ($0.45  United  States  currency)  per  trip.  As  much  as  350  or  even 
400  pounds  may  be  carried,  if  not  too  bulky.  Ftom  the  Guinabatan  River  land- 
ing the  rate  for  carabao  packing  is  60  cents  ($0.30  United  States  currency) 
per  trip,  and  at  this  rate,  assuming  as  an  average  a  300-pound  pack,  the 
freight  rate  after  leaving  the  steamer  is  excessive — ^6  ($3  United  States 
currency)  per  ton  from  Aroroy  to  the  camp  of  the  Eastern  Mining  Company, 
or  W  ($2  United  States  currency)  from  the  Guinabatan  River  landing  to  the 
camp.  The  decreased  cost  in  making  the  landing  at  the  Guinabatan  River 
during  the  next  year,  when  large  amounts  of  supplies  are  coming  in  and  three 
mills  being  erected,  will  pay  for  the  construction  of  the  wagon  road  proposed. 

Topographically  there  is  nothing  either  unusual  or  noteworthy  in  this  region. 
On  account  of  an  unusual  rainfall  natural  valley  erosion  has  developed 
on  a  slightly  elevated  island  mass  a  system  of  drainage  which  gives  quite 
a  decided  relief  to  the  region  and  to  the  island  as  a  whole.  There  is  a  con- 
siderable area  of  lowland  flanking  the  bay,  and  this  is  almost  entirely  open 
cogon  grass  land,  rolling  hills,  gentle  slopes,  and  with  an  elevation  not 
exceeding  100  feet.  Mount  Bagadilla,  on  the  north  side  of  the  river,  only 
1,0(X)  feet  or  so  in  height,  and  other  ridges  and  spurs  of  generally  less  than 
that  elevation,  are  typical  of  the  "highland"  area  which  adjoins  the  roll- 
ing country.  Only  occasionally  is  an  eminence  over  600  or  700  feet — 500 
feet  would  more  nearly  represent  the  average  elevation  of  the  highlands.  The 
claims  of  the  Eastern  Mining  Company,  with  the  exception  of  the  Mountain 
Maid  and  Never  Sweat,  lie  on  the  south  side  of  the  Guinabatan,  on  the 
north  and  south  sides  of  a  ridge  about  500  feet  in  elevation,  which  owes  its 
existence  to  the  quartz  leads  that  form  its  backbone  and  have  aided  in  resist- 
ing destruction.  The  ridge  has  enough  height  to  give  several  hundred  feet 
of  "backs"  above  the  level  of  milling  and  has  sufficient  slopes  to  facilitate 
any  tramway  or  ropeway  construction,  as  well  as  suitable  slopes  at  mill  sides. 
Drainage  takes  place  rapidly  and  is  well  cut,  so  that  control  of  the  run-off 
is  easy. 

Rond  construction  will  not  be  attended  with  any  difficulty;  there  will  be 
no  heavy  cuts  or  fills,  and  bridge  work  will  be  small  in  amount,  if  care  is  made 
in  location.  Although  not  great,  stream  profiles,  of  main  streams  at  least,  are 
sufficient  to  make  easy  the  construction  of  flun^es  or  ditches,  in  case  more  water 
is  desired  from  distant  points. 

The  island  of  Masbate  represents  an  igneous  basal  mass  which  has  recently, 
geologically,  passed  through  some  interesting  phases.  The  island  has  been 
submerged,  at  least  once,  to  a  depth  of  some  hundreds  of  feet,  and  coal  beds 
have  formed  on  the  southern  aid.  Remnants  of  limestone,  formed  in  Miocene 
times,  cap  hills  in  the  vicinity  of  Aroroy,  and  their  nature  indicates  formation 
at  considerable  depth.  During  the  rise  of  the  island  it  is  evident  that  several 
pauses  took  place  resulting  in  the  formation  of  beaches,  which  may  be  seen 
on  the  north  side  of  Porto  Barrera,  not  at  a  considerable  elevation.  An  intru- 
sion of  a  very  large  granite  mass,  of  which  Mount  Villon  is  a  portion,  took 
place  at  some  uncertain  age,  and  probably  was  the  principal  cause  of  the 
origin  of  the  ore  deposits.  There  also  has  been,  in  a  time  more  recent  since 
the  formation  of  the  limestone  in  the  Miocene,  lava  flows  of  different  kinda 
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both  extrusive,  over  the  surface  and  in  dykes  through  the  basal  dioritlc  mass. 
Probably  these,  in  common  with  other  districts  of  the  Philippines,  were  par- 
tially, at  least,  a  cause  of  the  formation  of  ore  bodiea  The  latter  are  more 
than  25  veins,  forming  a  system  probably  all  of  more  or  less  connected  type, 
running  through  the  basal  diorite,  of  every  width,  from  a  few  feet  to  over  a 
hundred.    They  maintain  a  very  striking  regularity  for  several  miles. 

Locally,  the  ground  of  the  B^stern  Mining  Company  has  the  longest  dimen- 
sion of  its  330  acres  parallel  and  covering  the  strikes  of  a  number  of  these 
veins,  at  least  15. 

There  is  an  excellent  stand  of  native  hard  and  soft  wood  on  these  17  claims. 
The  tlml)er  is  of  the  first  quality,  and  a  large  proportion  of  it  comes  under  the 
"  first  group  "  in  the  classification  of  the  forestry  bureau.  Xara,  molave,  apl- 
tong,  tamayuan,  toog,  amlguis,  and  other  woods  occur  In  abundance,  of  first- 
class  growth,  where  they  can  be  dropped  within  a  few  feet  of  the  place  to  be 
used.  These  woods  have  been  used  underground  and  In  mill  and  other  building 
construction,  and  have  given  satisfaction.  There  is  enough  of  a  stand  on  the 
claims  to  satisfy  all  wants  for  some  years,  and  In  the  Immediate  vicinity  are 
forests  still  untouched  by  the  ax.  Native  labor  at  25  cents  Ignited  States  cur- 
rency per  day  gets  out  this  timber  very  cheaply,  and  sawyers  (native)  cut  it 
to  dimensions  at  the  rate  of  10  cents  per  vara  (33  inches),  for  the  visual  log 
slze$  up  to  38  Inches.  For  18  to  25  inch  logs  the  price  is  15  cents  (gold) 
I)er  vara. 

Molave  can  be  contracted  for  at  17i  cents  ver  cubic  foot,  squared,  but  even 
at  this  low  figure  Is  in  excess  of  day's  pay  work  by  tlmbermen. 

There  will  be  no  excessive  timbering  in  the  ground,  however.  The  walls  of 
the  veins  so  far  opened  up  are  firm  and  stand  well. 

Firewood  can  be  delivered  on  the  ground  for  $2  per  cord,  and  there  is  an 
abundance  of  swamp  wood  of  excellent  quality. 

Owing  to  customs  duties  and  distance  Involved  in  the  importation  of  supplies 
into  Manila,  prices  are  somewhat  higher  than  in  the  United  States.  Manila 
has  grown  a  great  deal  In  the  last  few  years  commercially,  and  there  are  large 
and  well-stocked  firms  doing  business  there.  Except  for  special  mining  ma- 
chinery it  is  not  necessary  to  go  farther  than  Manila  to  obtain  all  materials 
that  are  needed,  and  at  prices  not  unreasonable. 

The  native  has  been  used  In  this  and  other  mining  districts  extensively  and 
successfully,  both  in  surface  and  underground  work.  His  efficiency  is  naturally 
not  ai^  great  as  that  of  the  white  man,  and  yet,  when  the  daily  wage  and  the 
amount  of  work  done  are  taken  into  consideration,  it  is  found  that  results  are 
excellent.  Supervision  must  be  thorough,  and  the  treatment  of  the  men  must 
be  more  or  less  paternal.  The  scale  of  wage  per  day  in  United  States  currency 
agreed  upon  to  be  used  through  the  districts  is  as  follows: 

Common  labor,  not  to  exceed $0.30 

Underground  labor,  not  to  exceed .30  to  .50 

Tlmbermen,  carpenters,  etc.,  not  to  exceed .  75 

With  these  prices  it  is  understood  that  the  food  of  the  laborer  Is  provided 
free  of  cost  by  the  employer.  It  consists  of  3  "chupas"  (about  2i  pounds)  of 
rice  and  3  small  fish  per  day,  the  whole  worth  about  5  to  7  cents  United  States 
currency.  At  this  wage  the  Filipino  will  produce  work  enough  to  Invite  com- 
parison with  the  results  obtained  by  using  more  expensive  labor.  For  example, 
a  double  hand  drill  crew  of  2  men,  mucking  their  own  direct,  will  drive  a  7  by  5 
feet  drift  on  an  average  of  45  feet  per  month,  or  IJ  feet  per  day,  at  a  total  cost 
of  labor  of  less  than  $1.25,  or  about  $0.80  per  foot.  With  proper  supervision 
by  white  foremen,  Filipino  crews  will  be  able  to  make  at  least  80  per  cent 
headway  of  any  other  labor. 

As  yet,  all  work  underground  has  been  by  day*s  pay,  and  no  data  are  avail- 
able for  the  results  or  prospects  of  contract  work.  In  other  districts  where  I 
have  seen  it  tried  success  has  been  met  with,  and  I  see  no  reason  why  the  very 
small  spark  of  ambition  the  Filipino  possesses  might  not  be  encouraged  to  the 
benefit  of  himself  and  the  operator.  Contracts  are  entered  into  now  for  the 
supply  of  firewood,  timber,  and  transportation  from  the  coast,  and  results  have 
been  satisfactory. 

For  all  but  skilled  technical  positions,  it  will  be  found  that  Filipinos  can  be 
used — ^they  can  be  trained  as  drill  men,  tlmbermen,  mill  men,  machinists,  and 
firemen,  and  the  only  thing  needful  is  supervision  by  a  white  man  as  foreman 
in  each  branch  of  the  work. 

The  supply  of  labor  in  Masbate  should  be  sufficient  The  Island  is  well  popu- 
lated and  there  is  only  a  limited  amount  of  agriculture  or  other  industry  to 
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draw  them  away.  Eiffort  should  be  made  to  provide  suitable  homes  for  the 
men,  and  it  has  been  found  that  if  laborers  can  be  Induced  to  settle  at  the  camp 
with  their  families  they  are  much  more  content  The  Eastern  Mining  Com- 
pany has  provided  homes,  a  cockpit,  a  well-equipped  store  which  supplies  goods 
at  prices  equal  to  the  native  **  tienda,"  and  has  obtained  good  results  from  this 
policy.  "^ 

There  is  a  marked  absence  of  tropical  diseases  on  this  island.  Although  the 
region  is  elevated  but  slightly  there  are  few  mosquitoes  and  fever  is  uncommon. 
The  region  is  subject  to  a  heavy  rainfall  annually,  100  to  120  inches,  and  the 
dry  and  wet  seasons,  which  characterize  most  of  the  Philippine  group,  are 
almost  wanting.    The  rainfall  is  fairly  evenly  distributed  throughout  the  year. 

Being  heavily  forested,  the  region  is  well  protected,  and  the  run-off  is  under 
better  control  than  in  the  open  country.  The  climate  will  not  be  found  detri- 
mental to  the  health  of  white  men,  even  after  prolonged  residence. 

The  temperature  is  lower  than  that  of  Manila,  of  which  the  yearly  average 
is  given  by  the  Weather  Bureau  as  26.8**  C.  or  80.24°  F.  This  figure  is  ob- 
tained from  the  result  of  fifteen  years'  observations. 

The  Guinabatan  River  will  give,  at  all  seasons  of  the  year,  plenty  of  water 
for  mining  and  milling  purposes.  Its  use  in  the  boiler  installed  in  the  year 
1904  has  produced  no  bad  effects,  and  there  will  be  no  unusual  problem  involved 
in  bringing  it  to  the  mill  or  boilers. 

It  is  not  believed  that  the  Guinabatan  River  can  furnish  any  power.  Further 
search  may  possibly  find  enough  head  and  volume  for  turbine  equipment,  but  it 
seems  hardly  probable.  With  firewood  to  be  cheaply  and  easily  supplied  for  a 
good  many  years,  boilers  and  steam  engines  will  give  the  most  satisfactory  equip- 
ment Coal  could  be  brought  to  the  mines  very  easily  and  cheaply,  but  there 
will  be  no  necessity  for  it  for  some  time  to  come. 

For  domestic  purposes,  there  is  a  good  flow  of  pure  water  within  100  yards 
of  the  central  camp. 

On  all  the  seventeen  claims  comprising  the  group  some  work  has  been  done  to 
develop  the  ore  bodies.  Many  of  these  workings  have  exposed  leads  of  size  and 
value,  and,  on  the  whole,  there  is  a  remarkable  surface  showing  over  tills  group. 

The  veins  strike  uniformly  within  a  few  degrees  of  northwest  and  south- 
west and  dip  to  the  southwest  at  an  average  of  70**. 

The  outcrops  on  the  Elise  claim  are  quartz  which  pans  high  (about  $15) 
in  free  gold.  Old  workings  occur  to  a  considerable  extent,  and  it  is  presumed 
from  good  evidence  that  these  were  operated  by  Chinese  over  a  century  ago. 
The  other  cuts  made  recently  have  not  progressed  sufficiently  to  more  than 
to  assure  the  presence  of  a  vein,  but  the  line  of  old  dumps  and  pits  continues 
to  the  southeast  some  4,000  feet;  on  some  of  them  at  least  one  vein  4  feet  in 
width  is  exposed,  dipping  65*  southwest  and  with  a  strike  of  north  45**  west, 
approximately. 

The  Jessie  and  Alice  claims  have  been  recently  located,  and  no  work 
of  any  importance  has  been  done.  A  vein  of  unknown  width  and  value  out- 
crops at  the  southeast  comer  of  the  Alice. 

On  the  Sweetheart  an  open  cut  again  shows  vein  material,  strike  north 
30**  west,  dip,  with  a  width  of  6  inches,  which  is  probably  a  stringer  paralleling 
a  vein  not  yet  exposed,  striking  north  35**  west  and  with  a  dip  of  90**.  Not 
enough  work  has  been  done  here  as  yet  to  warrant  sampling. 

The  Nancy  and  Mabel  claims  show  northwest-southeast  outcrop  over 
a  considerable  distance,  and  two  tunnels,  one  on  each  claim,  have  been  started 
to  test  the  veins.  On  the  Mabel  the  foot  wall  assayed  $1.65  over  a  distance 
of  60  feet,  the  vein  being  only  broken  into  at  the  time  of  this  report  and  con- 
sequently the  width  and  value  of  it  are  not  known.  The  outcrops,  however, 
of  the  Mabel  are  some  of  the  heaviest  in  the  group,  and  certainly  measure 
over  10  feet.  Where  one  of  these  veins  is  believed  to  come  through  on  the 
Gold  Bug  group  the  old  workings  indicate  a  width  of  about  30  feet  and 
the  outcrops  are  the  richest  in  free  gold  in  the  district 

The  Never  Sweat  on  the  north  side  of  the  Guinabatan  River,  has  a  high- 
grade  vein  of  unknown  width,  shown  in  a  35-foot  shaft  from  which  samples 
of  from  $50  to  $125  have  been  reported.  An  80-foot  tunnel  to  crosscut  this 
lode  has  not  as  yet  reached  it  This  claim  and  the  Mountain  Maid  show 
appar^tly  the  same  veins,  of  about  4  feet  in  width,  of  which  no  more  may 
be  said  other  than  that  it  pans  free  gold,  and  that  one  assay  gave  a  value  of 
$6.20.  Several  tunnels  or  pits  have  more  or  less  indicated  the  course  of  the 
vein,  which  is  about  north  45**  west 

The  Holy  Moses  shows  one  vein  In  a  30-foot  tunnel  and  on  the  Oatherine 
fraction  another  outcrop  appears. 
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On  the  King  a  Moot  cut  showB  quartz  carrying  free  gold  and  northweet- 
flouthwest  stringers  cross  the  King  Creek,  southeast  of  this  location.  On  the 
Bl  Dlnero,  and  El  Oro,  there  are  as  yet  no  workings. 

The  Doris  has  two  noteworthy  outcrops,  a  large  vein  (8  feet)  striking  north- 
west and  carrying  considerable  copper  sulphides  (2.22  per  cent  copper,  $22.28 
gold).  Southeast  of  this  Is  a  shaft  15  feet  deep,  sunk  on  a  6-foot  or  wider 
vein,  striking  north  45°  west 

On  none  of  the  above  claims  is  enough  work  done  as  yet  other  than  to  show 
that  numerous  veins  exist,  which  show  more  or  less  free  gold  values.  The 
ground  has  been  secured,  but  most  of  the  active  development  work  has  been 
confined  to  the  Have  Got  and  Nebraska  Star  claims.  These  two  claims  are 
the  ones  where  ore  exists  that  can  be  milled  immediately.  The  other  claims 
though  showing  good  surface  Indications  must  be  developed  before  more  than 
their  possibilities  can  be  passed  upon.  They  are,  however,  to  be  considered  as 
valuable  ground. 

On  the  Have  Got  and  Nebraska  Star  claims,  there  has  been,  and  Is  now 
actively  going  on,  considerable  development.  The  work  on  the  Have  Got  con- 
sists of  an  open  cut,  177  by  125  by  20  feet  in  all,  which  has  been  worked  to 
supply  the  5-slamp  mill  installed  on  this  claim.  On  the  southeast  side  of  the 
shaft  mouth  In  this  open  cut,  the  quartz  Is  almost  solid  clear  across  the 
face  of  52  feet.  As  shown  on  the  plat,  there  seem  to  be  two  more  clearly 
defined  veins,  each  8  feet  in  width,  which  have  been  the  scene  of  old  workings, 
and  the  easterly  one  assayed  $12  per  ton.  There  has  been  some  dislocation 
here,  and  it  is  not  certain  if  the  52  feet  of  quartz  represents  one  lead,  or  two 
connected  locally  by  a  stringer  system.  On  the  other  side  of  the  shaft,  the 
easterly  vein  (which  may  be  the  westerly  one  faulted  to  the  northeast  about 
40  feet)  Is  well  defined,  and  the  cut  west  of  it  is  quartz  clear  through  with  no 
defined  wall  on  that  side.  Several  small  slip  faces  can  be  seen  here,  and  the 
apparent  Jumble  of  veins  may  be  due  to  any  one  or  more  faults  on  these  lines, 
which  development  underground  will  show  up.  (The  few  faults  already  noted 
have  all  been  small  In  lateral  separation,  and  It  is  not  believed  that  there  will 
result  any  complicated  lode-hunting  underground.  The  old  tunnel  here,  now 
caved,  is  stated  to  have  passed  through  10  to  12  feet  of  veins,  as  indicated  on 
the  map.  There  are  extensive  ancient  workings  for  hundreds  of  feet  up  the 
hill  from  here — shafts,  some  of  them  30  feet  deep,  tunnels,  and  pit,  which  Indi- 
cate that  the  vein  system  here  has  not  been  entirely  exposed  as  yet. 

On  the  open  cut  has  been  sunk  the  6  by  6  foot  Have  Got  shaft,  sunk  ver- 
tically in  the  hanging  wall  of  the  east  vein,  and  cutting  It  at  a  depth  of  30 
feet    The  vein  has  a  width  of  6  feet. 

From  the  bottom  of  the  vertical  shaft  an  inclined  winze  has  been  sunk  on 
the  vein  to  a  depth  of  160  feet  in  all,  and  a  cross  cut  215  feet  in  length  on  this 
level  connects  with  the  surface.  The  vein  has  been  drifted  on  for  70  feet  at 
this  level  and  assayed  $8.27  in  gold. 

The  main  crosscut  here  has  been  caved  for  some  time,  due  to  careless  timber- 
ing work,  but  the  data  regarding  It  Is  taken  from  the  report  of  Mr.  H.  D. 
McCaskey,  chief  of  the  mining  bureau  of  the  Philippine  Islands,  who  Inspected 
the  property  and  others  of  the  region,  early  In  1906. 

The  ore  from  these  workings  was  put  through  a  5-stamp  Union  Iron  Works 
mill,  driven  by  a  15-horsepower  engine.  The  mill  was  entirely  unsuitable  for 
such  work,  and  has  serious  errors  of  construction,  so  that  it  has  run  only  a 
portion  of  the  time  since  It  was  installed. 

From  Its  operations,  however,  the  following  amount  of  bullion  (taken  from 
the  official  records  at  the  government  assay  office)  were  shipped; 
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A  total  of  331  ounces  with  a  value  of  $5,158.  From  the  mill  return  book, 
the  following  data  are  taken : 

September  19  to  October  11,  inclusive,  a  total  of  31  ounces  17  pennyweights 
of  amalgam  were  taken  from  the  plates;  at  the  clean  up  October  13,  40  ounces 
12  pennyweights  were  obtained,  a  total  of  72  ounces  9  pennyweights,  which 
yielded  15  ounces  18  pennyweights  of  retort  metal.  The  clean  up  of  September 
16  gave  25  ounces  11  pennyweights  of  retort  metal,  dnd  the  two  added  were 
shipped  to  Manila,  yielding  40  ounces  of  gold,  .703  fine,  valued  at  $588. 

From  April  11  to  May  3  .inclusive,  114  ounces  6  pennyweights  were  taken 
from  the  plates,  and  30  ounces  8  p^inyweights  at  the  clean  up,  a  total  of  144 
ounces  14  pennyweights.  This,  retorted,  gave  29  ounces  gold  (34  per  cent  of 
the  weight  of  the  amalgam),  of  a  fineness  of  .710,  valued  at  $425. 

From  May  7  to  May  28,  inclusive :  Plate,  06  ounces  8  pennyweights ;  clean  up, 
27  ounces;  total,  95  ounces  8  pennyweights  amalgam,  with  other  amalgam, 
amounting  in  aU  to  241  ounces;  it  was  retorted  and  gave  28  ounces  14  penny- 
weights of  gold. 

Run  of  May  31  to  June  26:  Plate,  116  ounces  8  pennyweights;  clean  up, 
30  ounces;  total,  146  ounces  10  pennyweights.  This  amount  of  amalgam  yielded 
56  ounces  16  pennyweights  of  gold  (or  38.9  per  cent) ;  a  shipment  of  54  ounces, 
.858  fine,  valued  at  $965. 

There  is  no  means  of  estimating  the  amount  of  ore  put  through  except  that, 
as  the  stamps  are  800  pounds  only,  and  crushing  through  60  mesh,  and  as  the 
mill  is  extremely  poor  in  design  and  construction,  it  could  not  have  been  the 
normal  amount  i)er  stamp.  Delays  and  stoppages  on  account  of  breakage  were 
numerous,  and  finally  cam  shafts  and  bearing  gave  way,  putting  the  mill  out  of 
commission.  From  the  percentage  of  gold  in  the  amalgam,  and  the  amounts 
obtained  in  these  runs,  it  is  clear  that  an  excellent  saving  could  be  made  with 
a  well-designed  and  well-built  mill.  The  boiler,  engine,  and  various  small  parts 
are  in  good  shape,  and  reerection  can  be  made  at  small  cost  The  iron  frame 
of  the  old  mill,  with  its  antediluvian  mortar,  should  be  abandoned  and  replace 
by  a  timber  frame  and  modem  mortar  box. 

On  the  HaVe  Got  claim  is  a  large  amount  of  loose  material,  apparently 
an  old  dump  from  the  ancient  workings,  which  runs  $9  to  $12  per  ton,  is  well 
oxidized,  and  can  be  handled  at  a  minimum  cost.  No  exact  estimate  lias  been 
made  of  this,  but  at  a  very  conservative  figure  5,000  tons  can  be  handled  from  the 
claim  immediately.  On  the  Holy  Moses  claim  there  is  a  similar  dump  which 
has  not  been  explored. 

On  the  N^raska  Star  claim  are  the  newest  and  most  Important  workings. 
The  outcrop  of  the  vein  can  be  traced  with  reasonable  certainty  from  the  open 
cut  on  the  Have  Got  to  the  northeastern  end  of  the  Nebraska  Star,  and 
on  the  latter  claim  development  has  been  considerable,  and  is  still  going  on. 
Several  open  cuts  expose  the  vein  along  the  northwest  and  southeast  strike 
and  a  shaft  40  feet  in  depth  has  been  sunk  on  the  foot  wall.  At  a  vertical  depth 
of  112  feet  below  this  a  crosscut  tunnel  has  been  driven,  cutting  the  lodes, 
and  is  being  pushed  steadily  to  the  southwest  across  the  strike  of  all  the  lodes, 
the  present  length  being  250  feet.  At  this  date  four  veins  have  been  cut  and 
drifts  driven  on  each  both  ways  from  this  crosscut  Vein  No.  1  has  been 
drifted  on  to  the  southeast  for  180  feet  and  to  the  northwest  for  110  feet.  It 
has  clean-cut  walls,  strikes  35**  east,  and  dips  700  feet  southwest 

On  the  north  drift,  at  a  distance  of  40  feet  from  the  crosscut,  a  fault  cut  off 
the  vein,  but  work  was  carried  on  and  the  vein  picked  up  12  feet  to  the  north- 
east, wider  and  carrying  more  free  gold  than  before.  Vein  No.  1  averages  3 
feet  4i  inches  in  width  southeast  of  the  fault  and  about  6  feet  in  width  to  the 
northwest  Sampling  on  vein  No.  1,  Star  tunnel  level,  gave  an  average  value  of 
$5.21  (United  States  currency)  over  an  average  width  of  3  feet  6  inches.  The 
values  are  very  evenly  distributed  and  on  the  southwest  drift  of  this  vein  a 
slightly  higher  grade  ore  shoot  comes  in  which  will  yield  an  average  of  $8.50. 
The  widening  out  of  this  vein,  the  northwest  of  the  fault,  is  noteworthy,  and 
heavy,  high-grade  concentrates  are  appearing  in  larger  quantity  as  development 
progresses. 

Vein  No.  2,  parallel  to  No.  1  at  a  distance  of  44  feet  to  the  southwest,  has 
been  developed  for  50  feet  on  the  south  and  90  feet  on  the  north  sides  of  the 
main  crosscut.  It  has  a  steeper  dip  (to  the  southwest)  but  the  same  strike  as 
No.  1.  It  is  heavily  oxidized  and  the  sampling  gave  an  average  of  $12.14  to  the 
ton,  over  a  width  of  4  feet  3  inches.  In  common  with  No.  1  it  has  l)eautifully 
regular  walls  and  even  distribution  of  values. 
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Vein  No.  3  has  been  drifted  on  for  35  feet  on  the  north  side  and  for  20  feet 
to  the  south  of  the  crosscut.  Its  strike  is  that  of  No.  1  and  No.  2  and  in  width 
it  averages  4  feet  6  inches.  It  will  average  about  the  same  in  value  as  No.  1 
and  No.  2. 

No.  4  vein  parallels  the  first  three  again  at  a  distance  of  10  feet  to  the  south- 
west. Assays  of  $18.29  per  ton  were  obtained  from  the  development  of  25 
feet  on  the  southeast  side  of  the  crosscut. 

A  shaft  has  been  sunlc  on  the  No.  1  vein  to  the  crosscut,  meeting  it  over 
the  junction  of  the  crosscut  and  the  drifts  on  the  vein.  Sampling  of  it  gave 
assays  ranging  from  $14.50  on  the  surface  ores,  to  $6  at  the  No.  1  vein  level, 
indicating  the  even  tenor  of  that  vein.  The  vein  in  the  shaft  averages  about  4 
feet  in  width.  This  shaft  gives  excellent  air  connection  for  the  lower  workings 
and  proves  up  the  No.  1  vein  finely  in  connection  with  the  underground  and 
surface  work. 

Only  a  small  amount  of  work  has  been  done  at  a  lower  depth.  A  second 
level  has  been  started  on  No.  1  vein,  the  opening  being  made  from  a  gully  a  few 
hundred  yards  to  the  southeast. 

The  character  of  the  ore  in  these  veins  and  workings  Is  uniform,  a  hard 
vitreous  quartz,  showing  banded  structure,  well  oxidized  at  the  lower  levels 
and  carrying  concentrates  of  higher  grades  in  the  form  of  iron  pyrite. 

There  is  hardly  a  way  of  estimating  the  quantity  of  ore  available  in  the  "  Have 
Got "  workings,  except  that  the  open  cut  could  supply  a  large  amount  immedi- 
ately. The  old  dump  on  the  "Have  Got"  contains  under  foot  at  least  5,000 
tons  ready  for  immediate  treatment,  valued  at  $10  per  ton. 

Vein  No.  1  of  the  Star  has  been  proved  up  on  three  sides  on  the  north  side 
and  on  four  sides  on  the  south  side  of  the  crosscut,  and  it  is  estimated  that 
there  is  a  body  of  ore  here  300  feet  long  by  3.38  feet  wide  by  125  feet  depth,  or 
nbout  130.000  cubic  feet.  Tests  have  given  the  number  of  cubic  feet  to  a  ton 
of  this  ore  as  13,  and  this  gives  a  result  of  about  10,000  tons  of  ore,  valued  at 
$5.21  per  ton  In  vein  No.  1,  **  which  may  reasonably  be  supposed  to  exist,"  from 
the  careful  sampling  and  development. 

Veins  Nos.  2,  3,  and  4  can  not  yet  be  figured  on  as  they  have  not  been 
developed.  It  will  be  only  a  few  months'  work  to  prove  up  these  ore  bodies 
by  upraises  and  drifts,  and  development  of  ore  will  proceed  more  rapidly  now 
that  the  first  levels  and  crosscuts  are  completed.  It  is  particularly  diflScult  to 
place  any  value  on  a  property  in  such  a  state  of  development  as  this,  but  the 
total  of  $100,000  exposed  ready  for  immediate  milling  should  be  enough  to 
warrant  the  construction  of  development  work  and  the  installation  of  a  mill. 

From  tests  made  on  these  ores,  it  Is  found  that  outside  of  the  old  dumps 
and  the  surface  ores  only  about  25  per  cent  of  the  value  will  be  free 
milling.  There  is  present  a  variable  i)ercentage  of  concentrates,  almost  entirely 
iron,  and  it  will  be  necessary  to  concentrate  and  cyanide.  The  ores  show  no 
indication  of  becoming  more  basic,  and  probably  there  will  be  200  feet  more  in 
depth  of  partially  free  milling  ores;  no  elements  deterlmental  to  cyanldlng 
have  been  observed  In  these  veins,  and  tests  show  that  an  extraction  of  over 
90  per  cent  may  be  made. 

Although  but  few  figures  are  available  for  the  cost  of  operation  of  mines, 
mills,  and  of  ore  treatment  under  the  conditions  in  the  Philippines,  It  can  be 
safely  said  that  $5  ore  can  be  handled  on  this  property  at  a  profit,  and  anything 
above  that  will  be  clear  gain.  There  are  no  difficulties  locally  In  the  way  of 
economic  handling  of  material ;  In  fact,  conditions  on  the  ground  may  be  con- 
sidered almost  ideal  for  operation  on  a  large  scale  when  extent  and  value 
are  proven.  I^bor,  water,  fuel,  timber,  character  of  ore,  "  lay  "  of  the  lodes, 
etc.,  are  all  most  encouraging  In  aspect,  and  from  surface  development  over  a 
large  area  It  would  appear  that  there  Is  to  be  expected  large,  regular  ore 
bodies.  Treatment  will  be  comparatively  simple,  and  transportation  of  sup- 
plies can  be  done  cheaply. 


(From  The  Far  Elastem  Review,  April,  1907,  p.  366.) 
ISLAND  OP  MASHrDUaTTE. 

(Edited  by  the  Bureau  of  Science,  Manila.) 
By  Maubice  Goodman. 

The  island  of  Marinduque  is  built  upon  a  foundation  of  igneous  rocks,  chiefly 
diorlte  (in  some  places  quartz  diorlte)  and  andesite.  It  is  quite  possible  that 
the  latter  is  but  a  superficial  phase  of  the  former,  its  porphyritic  texture  being 
due  to  the  more  rapid  cooling  of  the  igneous  mass.  These  basal  rocks  were 
covered  with  a  series  of  sedimentarles,  of  which  a  very  siliceous  white  sand- 
stone was  the  most  important  member.  The  period  of  sedimentation  was  prob- 
ably followed  by  one  of  eruptive  activity,  which  produced  a  blanket  deposit  of 
tuff  and  andesite,  and  this  was  in  its  turn  submerged  to  be  covered  with  a 
capping  of  white  limestone.  Then  came  the  final  elevating  thrust,  wliich  being 
applied  either  unequally  or  to  an  unequally  yielding  mass,  caused  a  prevailing 
dip  of  the  overlying  strata  southwards. 

The  eruptive  i)eriod  in  the  island's  history  witnessed  not  only  a  considerable 
change  in  the  toi)ography,  but  also  a  marked  alteration  and  metamorphism  of 
the  earlier  rocks.  The  white  sandstone  became  a  fine-grained,  white  quartzite, 
while  the  igneous  rock  suffered  a  change  both  In  composition  and  In  structure. 
In  some  i)Iaces,  notably  In  the  southwestern  part  of  the  Island,  are  found 
immense  seri)entlne  and  chlorltic  outcrops  which  resulted  from  the  alteration  of 
the  more  basic  Igneous  rocks.  These  rocks  have  In  places  become  so  squeezed 
and  shattered  as  a  result  of  metamorphic  processes  as  to  cause  them  to  take  on 
a  fine  felsitlc  texture  and  to  develop  a  marked  cleavage  structure.  Numerous 
fissures  were  also  opened  during  this  period,  to  become  filled  in  time  from 
quartz  and  ore-bearing  solutions.  One  of  these  is  al>out  7  miles  east  of  Boac 
on  the  bank  of  the  Malaqulng  sapa,  In  the  barrio  of  Tappllng.  Here  a 
15-lnch  fissure  vein  of  slightly  auriferous  quartz  occurs  between  igneous  walls, 
one  of  which  Is  the  dark  felslte  very  much  fractured  and  the  other  a  quartz 
diorlte  containing  considerable  pyrlte. 

From  the  direction  of  the  fissures  and  the  strike  of  the  folded  strata,  it 
seems  likely  that  the  direction  of  the  dynamic  stresses  was  approximately 
north-northeast  and  south-southwest.  The  fissure  veins  In  Igneous  rocks  show 
no  remarkable  uniformity  in  strike  and  were  probably  first  caused  by  contrac- 
tion of  the  molten  mass  to  be  later  modified  by  rock  movements. 

About  half  a  mile  southeast  of  the  barrio  of  Blntacay,  in  the  extreme  north- 
western part  of  the  island,  is  an  outcrop  of  very  much  weathered  andesite,  in 
the  cut  of  a  new  wagon  road.  Running  through  it  at  various  angles  are 
numerous  small  stringers  of  quartz,  the  two  largest  of  which  carry  a  small 
amount  of  specular  hematite,  about  21  per  cent  of  copper  and  traces  of  gold. 
The  dip  Is  almost  vertical  and  the  general  direction  of  the  veinlets  here  appears 
to  be  approximately  east  and  west.  Although  happily  situated  with  respect 
to  harbor  and  transportation  facilities,  the  veins  are  too  small  and  too  poor 
to  make  them  of  economic  value. 

About  three-fourths  of  a  mile  west-northwest  of  the  barrio  of  Masolokot, 
intersecting  the  Pansul  Creek,  which  here  runs  almost  due  east,  is  an  outcrop 
of  a  quartz  lode.  On  the  north  side  of  the  creek  is  a  hard  quartz  vein,  10  to 
12  feet  wide,  running  approximately  north-northwest  and  south-southeast  and 
dipping  about  35"  toward  the  west-southwest  The  outcrop  has  been  exposed 
by  erosion  for  a  length  of  about  50  feet,  but  scarcely  any  development  work 
has  been  done  upon  it  by  the  locators.  The  country  rock,  which  Is  an  andesite, 
is  largely  fractured,  the  main  cleavage  pl^ne  being  roughly  parallel  to  the  plane 
of  the  vein.    The  contact  is  quite  distinct,  but  Irregular,  and  large  horses  of  the 
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country  rock  are  Inclosed  in  the  vein  itself.  Stringers  or  lenses  of  galena  also 
appear  In  the  matrix,  most  of  them  being  quite  small  both  in  length  and  in 
width.  The  largest,  which  consists  of  practically  pure  galena  and  a  very  small 
amount  of  iron  pyrites,  has  been  followed  for  a  length  of  about  12  feet,  in 
which  distance  it  has  widaied  out  from  about  2  inches  to  10  inches.  The  chute 
appears  to  be  lenticular  in  form,  dipping  downward  along  the  strike  as  well  as 
lying  parallel  to  the  vein  itself.  The  vein  is  very  irregular  in  mineralization, 
and  a  number  of  samples  taken  from  different  portions  of  the  vein  show  it  also 
to  be  surprisingly  poor  in  gold  and  silver  values.  A  sample  from  the  center 
of  the  vein,  which  proved  to  be  the  richest  portion,  gave  only  0.01  ounce  of 
gold  and  1.25  ounces  of  silver  per  ton;  equivalent  in  value  to  about  $1.08.  It 
is  evident,  therefore,  that  the  entire  vein  could  not  be  worked  at  a  profit,  and 
the  only  question  remains  as  to  whether  or  not  there  is  a  sufficient  amount  of 
galena  in  the  vein  to  pay  for  working  the  richer  streaks  and  then  hand  sorting 
the  ore.  The  galena  carries  no  gold  and  but  11.38  ounces  of  silver  per  ton, 
which  is  worth  about  $7.85  at  the  present  high  market  rate.  The  cost  of  mining 
would  be  high,  for  the  quartz  is  hard  and  flinty  and  the  rich  seams  are  appar- 
ently very  irregular  and  probably  not  continuous.  Pumping  also  would  prob- 
ably be  an  important  item.  The  present  prospect  is  a  hole  but  about  4  feet 
deep  and  almost  on  the  level  of  the  creek  which  Intersects  the  vein.  Transpor- 
tation would  be  expensive,  for  there  is  no  road  from  the  location  to  the  coast, 
which  Is  about  5  miles  distant  In  a  straight  line  and  considerably  farther,  along 
the  banks  of  the  Pansui  Creek.  Such  a  road  would  also  be  expensive  on  account 
of  the  heavy  cutting  which  would  have  to  be  done,  and  bridges  that  would  be 
required. 

From  the  present  showing,  therefore,  it  would  seem  that  the  exploitation  of 
this  vein  would  prove  an  unprofitable  undertaking.  It  must  be  remembered, 
however,  that  the  ground  has  been  prospected  but  to  an  extremely  small  extait 
and  that  further  exploration  may  alter  the  case  materially  by  showing  up 
larger  and  more  continuous  chutes.  However,  profitable  lead  mines  in  igneous 
rocks  are  rather  uncommon,  and  considering  the  conditions,  it  is  not  very  likely 
that  this  will  be  one  of  the  exceptions. 

On  the  south  side  of  the  river  the  lode  Is  split  into  two  branches,  making 
an  angle  of  nearly  180°  with  each  other.  The  larger  of  these  is  about  5  feet 
wide  and  strikes  approximately  east-southeast  and  west-northwest,  dipping 
about  42°  toward  the  south-southwest.  The  lower  half  of  this  vein  is  a  hard 
quartz,  projects  more  prominently  and  above  the  hanging  half  and  shows  a 
marked  sllckenslde,  indicating  a  movemeht  within  the  vein  Itself.  The  assays 
were  extremely  poor,  showing  less  than  0.2  per  c«it  of  lead,  a  trace  of  gold, 
and  no  silver. 

Near  the  barrio  of  Bolo  a  lode  similar  to  the  one  described  above  outcrops 
at  a  place  locally  known  as  Putul  na  Bunduc.  The  Bolo  Creek  has  denuded 
the  face  of  the  vein,  exposing  it  to  a  height  of  about  30  feet  and  for  a  length 
of  about  150  feet.  The  vein  Is  15  to  20  feet  thick  and  strikes  north-northeast 
and  south-southwest,  with  a  dip  of  72°  toward  the  west-northwest  The  loca- 
tion Is  far  more  suitable  for  the  purpose  of  mining  than  the  one  previously  de- 
scribed, but  unfortunately  the  value  of  the  ore  Is  very  small.  A  rough  sample 
of  the  outcrop  showed  2.07  per  cent  lead  and  0.02  ounce  gold,  giving  a  total 
value  of  only  $2.85  per  ton  at  the  present  market  rate  of  lead. 

A  much  more  promising  prospect  exists  near  the  barrio  of  Pacascasan.  Here 
a  claim  nas  been  located  and  staked  on  a  quartz  vein,  which  at  the  time  of  my 
visit  was  entirely  undeveloped,  with  the  exception  of  a  very  small  open  cut 
across  the  vein  and  about  4  feet  deep.  This  exposed  a  5-foot  vein  of  red  clay 
and  both  honeycombed  and  crystallized  quartz,  containing  a  small  amount  of 
galena  and  pyrlte.  Free  gold  was  also  observed  in  the  quartz,  but  in  very  small 
amount.  From  the  small  area  uncovered  and  from  other  outcrops,  the  strike 
of  the  vein  appears  to  be  northwest  and  southeast,  with  a  slight  dip  toward 
the  southwest,  but  other  outcrops  near  the  discovery  line  make  It  appear  as 
though  there  are  either  more  than  one  vein  or  else  that  these  outcrops  belong 
to  offshoots  from  the  original-  vein.  Both  walls  of  the  vein  are  andeslte,  which 
has  been  very  much  kaollnlzed  and  stained  at  the  contact,  making  the  line  of 
demarcation  indistinct.  An  average  assay  of  two  samples  taken  across  the 
vein  In  the  open  cut  showed  0.64  per  cent  lead,  0.55  ounce  gold,  and  0.305 
ounce  sliver  per  ton,  or  a  total  valu^of  $12.33  at  the  present  market  rate  of 
metals.  It  should  be  remembered  that  these  samples  represented  but  a  very 
small  area,  and  their  Importance  should  therefore  be  estimated  accordingly; 
nevertheless  the  prospect  must  be  conceded  promising. 
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The  location  of  the  prospect  Is  admirably  adapted  for  economic  operation.  It 
is  about  550  feet  above  sea  level,  in  a  small  draw,  and  about  120  feet  below  the 
top  of  a  ridge.  This  ridge  is  fairly  steep  and  terminates  in  a  coastal  plain  about 
11  miles  wide.  The  coast  and  what  apiiears  to  be  a  well-protected  port  is  only 
about  21  miles  distant  and  in  plain  view. 

In  addition  to  the  several  lodes  described  above,  it  is  interesting  and  may 
prove  of  value  to  some,  to  report  that  in  the  Napo  River,  only  about  300  yards 
south  of  the  municipality  of  Santa  Cruz,  were  found  a  number  of  large  and 
almost  pure  specimens  of  galena  and  chalcoclte  float.  While  no  one  specimen 
contained  both  minerals,  it  is  quite  possible  that  they  were  derived  from  and 
constituted  separate  stringers  in  the  same  vein.  Some  of  the  bowlders  which 
contained  both  quartz  and  chalcoclte  weighed  about  250  pounds  and  were 
nearly  2  feet  in  diameter.  One  of  these  specimens  showed  roughly  18  per 
cent  of  copper,  0.2  ounce  gold,  and  8  ounces  silver  per  ton.  A  rounded  bowlder 
weighing  about  10  pounds  consisted  of  practically  pure  galena  and  carried 
0.04  ounce  gold  and  6.85  ounces  silver  per  ton.  Unfortunately,  the  lode  from 
which  these  specimens  were  derived  could  not  be  readily  located,  and  it  was 
impracticable  to  institute  extensive  explorations  for  that  purpose,  but  it  is  al- 
most certain  to  prove  a  valuable  find  to  the  prospector  who  is  successful  in  doing 
so.  Nor  should  it  prove  a  very  difficult  matter,  for  to  judge  from  the  carry- 
ing power  of  the  stream  and  the  size  and  weight  of  the  specimens,  the  source 
can  not  be  far  distant.  Another  suggestive  clue  is  the  fact  that  the  float  was 
found  in  a  low  river  bank,  the  base  of  which  is  igneous  while  the  hill  im- 
mediately above  it  is  the  hard  white  quartzite.  It  is  therefore  quite  possibe 
that  the  lode,  like  the  float,  will  be  found  at  the  contact  between  the  two 
formations,  this  being  a  line  of  weakness  and  a  likely  place  for  the  formation 
of  a  vein. 

Only  one  other  mineral  deposit  was  encountered  of  sufficient  extent  to  be 
worth  recording.  This  is  a  deposit  of  specular  hematite  which  outcrops  in  the 
gorge  of  the  Maculapnit  Sapa,  a  branch  of  the  Boac  River.  The  deposit  is 
about  20  feet  thick  and  dips  at  an  angle  of  22°  toward  the  southeast.  It 
lies  upon  a  floor  of  altered  sandstone  containing  olivine,  hematite,  rind  sec- 
ondary quartz,  and  is  capped  by  a  stratum  of  hard,  greenish,  impure  qua«tzlte, 
very  much  fractured  and  containing  considerable  pyrite.  The  extent  of  the 
deposit  could  not  be  deflnitely  determined  on  account  of  the  soil  and  vegetation 
which  covered  the  ground,  but  to  a  height  of  100  feet  above  the  river  the  ore 
could  be  easily  traced.  While  there  may  be  no  objection  to  it  on  the  score 
of  quantity,  the  matters  of  quality  and  accessibility  are  less  satisfactory. 
An  analysis  of  a  sample  taken  from  the  outcrop  showed  the  following  per- 
centages :  Fe  56.88 ;  SiOa  13.91 ;  S  0.79 ;  P  trace.  The  high  percentage  of  sulphur 
is  almost  prohibitive,  but  this  objection  may  be  partly  overcome  by  sorting, 
for  the  pyrite  is  not  uniformly  distributed  through  the  ore,  but  occurs  more 
or  less  in  bunches. 

The  chief  drawback  to  this  deposit  is  its  relative  inaccessibility.  It  is 
situated  about  10  miles  east  of  Boac,  and  is  connected  with  it  partly  by  a  fair 
road  which  crosses  and  recrosses  the  Boac  River  and  its  branches  at  numerous 
points.  The  last  2  or  3  miles,  however,  are  impassible  to  large  animals,  being 
over  a  very  narrow  and  rocky  trail,  partly  on  the  banks  and  partly  in  the 
river  itself.  Timber  in  the  neighborhood  of  the  deposit  is  plentiful,  so  that 
there  would  be  plenty  of  material  for  charcoal  making  should  anyone  con- 
sider starting  a  small  iron  industry  similar  to  that  of  the  Angat  region. 

In  addition  to  mineral  deposits,  there  are  several  deposits  of  bat  guano  dis- 
tributed over  the  island  of  Marinduque.  As  in  other  parts  of  the  Philippines, 
they  are  located  In  caves  of  the  limestone  capping.  One  of  the  largest  of 
these  is  located  at  an  elevation  of  about  1,400  feet  above  sea  level,  in  a  place 
called  Bongoy,  about  3  miles  north-northeast  of  the  barrio  of  Duyal.  This 
barrio  is  connected  with  the  coast  by  a  fairly  good  road,  but  from  Duyai  to 
the  cave  the  ascent  is  very  steep  and  difficult  The  mouth  of  the  cave  Is  very 
wide  and  high,  and  its  sides  and  roof  are  hung  with  large  varl-colored 
stalactites.  The  entrance  is  down  a  steep  and  rocky  path  to  the  cave  proper, 
which  is  about  50  feet  below.  The  main  chamber  is  about  120  feet  long  by 
about  35  feet  wide,  and  branching  from  it  are  3  smaller  chambers  The  floors 
of  all  the  chambers  are  covered  with  bat  guano,  which  Is  wet  and  muddy  at 
the  center,  but  dry  at  the  sides  and  ends.  The  average  of  a  number  of  sound- 
ings showed  but  2  feet  of  depth.  It  is  estimated  that  there  are  about  400  tons 
of  guano  in  this  one  cave. 
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Another  occurrence  of  geological  interest  rather  than  economic  Importance 
was  observed  about  2i  miles  up  the  stream  from  the  barrio  of  Tabionan.  Here 
a  small  flow  of  natural  gas  is  quitted  from  a  minute  fissure  in  a  metamorphosed 
igneous  rock,  composed  largely  of  seri>eutlne.  This  formation  overlies  a  series 
of  sedimentaries  consisting  mainly  of  impure  limestones,  and  these  latter 
are  probably  the  source  of  the  natural  gas.  Several  other  small  gas  leaks 
were  noticed,  some  on  the  l>ottom  of  the  stream  and  some  on  the  banks,  but 
all  issued  at  a  very  low  pressure.  The  largest  of  them  afforded  a  flame  but  7 
inches  high. 

In  conclusion,  it  were  well  to  caution  whoever  may  be  interested  that  these 
notes  are  the  results  of  observations  extending  for  a  period  of  less  than  a 
month  over  an  island  of  approximately  350  square  miles.  The  work  was 
therefore  in  the  nature  of  a  rapid  reconnoissance,  and  the  geological  inferences 
drawn  as  the  result  of  hasty  observations  must  therefore  be  left  subject  to 
modiflcation,  should  a  more  detailed  study  render  it  necessary.  However, 
these  notes  may  not  be  entirely  without  value  to  future  prospectors,  and  even 
to  the  geologist  these  brief  notes  on  an  island  which  has,  to  the  writer's  Imowl- 
edge,  no  other  geological  literature  may  perhaps  l>e  of  some  interest. 
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THE  ASBESTOS  AISH)  KANOANESE  DEPOSITS  OP  ILOCOS  NOETE,  WITH  NOTES 
ON  THE  GEOLOGY  OP  THE  REGION. 

******* 

Keports  to  the  effect  that  fairly  large  deposits  of  asbestos  exist  in  the  northern 
part  of  Luzon  have  been  drifting  in  from  that  region  for  nearly  two  years. 

About  a  yeai;  ago  Mr.  F.  D.  Burdette  began  systematic  prospecting  and 
development  work  in  the  vicinity  of  Pasuquln  and  Nagpartlan,  and  on  the 
receipt  of  some  promising  samples  from  him,  the  writer  was  detailed  during 
the  month  of  September,  1906,  to  malse  a  preliminary  reconnaissance  of  the 
deposits  and  of  their  related  geology. 

******  * 

Mica  and  micaceous  schists, — Nearly  every  species  of  mica  known  to  miner- 
alogy can  be  found,  it  seems,  in  the  schistose  areas  near  Pasuquin.  These 
minerals  all  occur  in  small  pieces,  seldom  as  complete  crystals ;  they  occur  very 
irregularly  along  shearing  planes.  The  lighter  micas  such  as  muscovlte,  para- 
gonite,  etc.,  and  micaceous  talc  seem  to  predominate. 

In  the  cut  which  Mr.  Burdette  has  put  into  the  side  of  the  hill  at  Dalumat, 
I  saw  pockets  of  nearly  all  species  of  mica,  but  always  in  a  more  or  less  com- 
minuted condition.  These  micas  could  very  possibly  be  manufactured  into 
lubricants  and  paints.  One  green,  chlorite  variety  should  find  some  use  as  a 
paint  in  these  islands,  particularly  in  decorating  the  frames  of  the  numerous 
cheap  pictures  of  saints,  etc.,  which  the  Chinese  sell  to  the  natives.  According 
to  Mineral  Industry  for  1905,  scrap  mica  finds  commercial  use  for  boiler  and 
pipe  lagging,  for  roofing  and  fireprooflng  materials,  as  a  lubricant,  and  for  deco- 
rative work,  wall  papers,  and  paints.  If  any  small  sheets  should  be  found  they 
could  be  worked  up  into  "  micanlte,"  now  extensively  employed  in  insulating 
certain  parts  of  dynamos. 

Extensive  development  of  mica  schists  occur  in  this  region,  paragonite  and 
margarlte  being  the  predominant  micas. 

Scales  of  this  white  mica,  when  viewed  In  a  petrographic  microscope,  show 

a  fine  interference  figure  with  an  axial  angle  of  37*.    A  qualitative  analysis 

demonstrates  the  presence  of  sodium  and  calcium,  so  that  we  probably  have 

both  paragonite,  the  sodium  variety,  and  margarlte,  the  calcium  mica. 

******  * 

Geology — Eoonomlo. 

INTRODUCTION. 

The  northern  part  of  this  province,  although  not  yet  a  mineral-producing 
district,  bids  fair  to  yield  some  rich  returns,  first  of  all  from  its  nonmetalllc 
minerals,  and  possibly  later  from  the  metalliferous  deposits  which  In  all  likeli- 
hood are  also  to  be  found. 

Dynamic  metamorphism,  which  has  prevailed  throughout  most  of  the  region, 
is  directly  responsible  for  the  formation  of  many  minerals,  both  of  economic 
value  and  otherwise,  which  are  not  to  be  found  In  many  other  parts  of  the 
islands.  The  most  Important  of  the  economic  deposits  is  asbestos,  a  collective 
name  for  more  than  one  mineral,  and  actinollte,  a  calcium  hornblende  pre- 
dominating In  the  schists. 

The  following  Is  a  list  of  the  minerals  and  rocks  which  will  probably  prove 
to  be  of  greater  or  less  value:  Asbestos,  manganese  oxide,  apatite,  mica  and 
talc,  ocher,  quartz,  feldspar,  and  building  stone. 

Asbestos  is  found  as  a  "  stockwork  "  or  ramifying  vein  deposit  In  the  ser- 
pentine formation  of  the  district;  the  manganese.  In  the  form  of  an  oxide,  is 
a  sedimentary  deposit,  concentrates  from  velnlets  ramifying  the  eruptive  con- 
glomerate mass;  the  mica  and  talc  are  entirely  secondary  formations  in  the 
schist  zone;  ocher  occurs  as  a  concentrate  from  the  weatliered  Igneous  mass; 
the  quartz  and  feldspar  form  a  part  of  the  granullte  mass ;  apatite  was  encoun> 
tered  near  the  granullte  dike,  Its  exact  relations  being  unknown.  Building 
stone  encountered  here,  both  the  granullte  and  the  Pasuquin  calcareous  sand- 
stone, Is  suitable  for  certain  grades  of  construction. 

Of  course  we  must  continually  bear  in  mind  that  the  value  of  each  and  every 
one  of  these  products  depends  upon  the  market,  after  the  available  quantity  Is 
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assured.  There  seems  to  be  no  reasonable  doubt  but  that  all  the  asbestos 
which  can  be  mined  can  be  used  both  in  the  Philippines  and  elsewhere,  as  the 
production  of  this  mineral  is  not  at  present  sufficiently  great  to  interfere  with 
the  disposal  of  the  Philippine  product  at  good  figures.  If  any  considerable 
quantity  of  first-grade  fiber  is  opened  up,  handsome  returns  should  be  realized. 
The  best  Canadian  fiber  from  the  Thetford  mines  brings  $80  (United  States 
currency)  per  ton  and  the  second  grade  from  $13  to  $50  (New  York  prices). 

It  would  be  premature  to  say  much  about  the  market  for  manganese  oxide, 
but  we  are  reasonably  certain  of  one  thing — there  is  no  local  demand  for  It, 
and  whether  it  could  compete  in  the  outside  market  is  not  at  all  certain;  fur- 
thermore, there  is  at  least  one  other  locality  in  the  islands  whi<*h  will  be  a  com- 
petitor, as  reports  by  various  engineers  and  prospectors  assert  that  there  is  a 
considerable  deposit  of  good  manganese  ore  in  the  island  of  Masbate,  and  a 
deposit,  concerning  the  extent  or  grade  of  which  I  have  as  yet  received  no 
reports,  has  been  cut  through  along  the  new  road  from  Capas  to  Iba  in  Luzon. 

There  can  be  no  question  about  the  sale  of  apatite,  the  phosphate,  for  It  Is 
always  valuable  as  a  fertilizer.  This  mineral  and  the  organic  phosphate  deposit, 
guano,  are  sure  to  find  a  market,  if  not  at  present  in  the  Philippines,  where  the 
soil  has  never  yet  been  deeply  disturbed  for  agricultural  uses,  certainly  among 
the  Japanese  firms,  who  should  take  considerable  quantities. 

Mica  and  talc,  as  they  are  encountered  in  these  deposits,  can  only  be  utilized 
in  minor  ways,  such  as  for  insulating  parts  of  electrical  apparatus,  for  lubri- 
cants, "  frosting "  for  Christmas  effects,  etc.,  and  it  is  doubtful  if  there  Is  as 
yet  any  local  demand,  and  also  it  is  improbable  that  there  would  be  any  great 
call  from  the  outside. 

There  should  be  a  good,  steady,  local  market  for  the  ocher,  for,  if  I  am 
correctly  informed,  the  Manila  Chinamen  handle  greater  or  less  quantities  of 
the  red  and  yellow  mineral  paints.  If  the  day  of  huge  red  bams  and  granaries 
is  ever  inaugurated  in  these  islands,  then  there  should  be  a  considerable  use 
for  pigment  of  this  class. 

The  granulated  quartz  and  feldspar  might  be  made  use  of  in  the  manufacture 
of  glass,  which  Is  just  being  begun  in  Manila,  and  in  the  ceramics  which  are 
already  being  manufactured.  Although  a  pure  quartz  sand,  such  as  one  would 
get  from  crushed  quartzite,  would  be  better,  doubtless  a  good  grade  of  silica 
could  be  obtained  by  separating  the  quartz  from  the  feldspar  in  this  deposit 
and  using  it  in  glass  manufacture,  whereas  the  feldspar  could  be  employed  in 
the  making  of  pottery. 

The  building  stone  would  undoubtedly  have  to  depend  on  an  extremely  local 
demand.  The  Hongkong  granite,  a  decidedly  better  and  prettier  stone,  can  very 
probably  be  imported  to  Manila  at  a  figure  which  would  be  the  same  or  less 
than  that  for  which  the  Ilocos  Norte  granulite  could  be  placed  on  the  market. 

Asbestos, — ^The  asbestos  of  Ilocos  Norte  Is  of  two  varieties,  the  "  parallel " 
and  the  "  cross  fiber,"  with  the  former  species  predominating. 

The  "cross  fiber"  variety,  true  chrysotlle,  has  up  to  the  preswit  scarcely 
made  its  appearance.  This,  it  Is  hardly  necessary  to  state,  is  the  kind  most 
eagerly  sought.  The  "parallel  fiber"  asbestos  is  a  variety  of  mineral  distinct 
from  that  of  the  "  cross  fiber  "  and  consists  largely  of  the  minerals  anthophyl- 
lite  and  tremolite,  both  amphiboles;  the  latter  being  the  mineral  chrysotlle, 
having  its  origin  in  serpentine.  The  anthophyllite  does  not  necessarily  have 
any  connection  with  serpentine. 

In  order  to  bring  the  differences  clearly  before  the  reader,  some  of  whom 
may  not  be  mineralogists,  I  have  culled  data  of  a  mineralogical  nature  regard- 
ing these  and  other  varieties  of  asbestos  from  the  best  sources  at  hand. 

According  to  Merrill,  there  are  four  varieties  of  mineral  substances  coming 
under  the  general  term  of  "asbestos."  These  are:  (1)  True  asbestos;  (2) 
anthophylite ;  (3)  chrysotlle  (fibrous  serpentine) ;  (4)  crocidolite. 

******* 

Manganese. — Scattered  over  the  surface  of  the  ground  of  the  "eruptive  con- 
glomerate" region  of  Nagpartlan,  one  can  see  innumerable  small  nodules  of 
pyrolusite  and  llmonlte.  For  some  time  I  was  at  considerable  loss  to  know 
just  where  these  came  from,  for  by  digging  beneath  the  surface  in  certain 
spots  at  least,  I  could  not  discover  any  source,  in  fact  these  nodules  seem  to 
He  only  on  the  surface,  some  In  stream  beds,  but  others  also  on  the  hilltops. 
A  later  examination  of  the  sides  of  the  Nagpartlan  road  where  a  great  washout 
had  taken  place,  revealed  many  very  small  veinlets  of  manganese  oxide  between 
the  bowlders  of  eruptive  material.  The  matrix  appeared  to  be  a  sort  of  tuff, 
quite  soft  and  yielding.  The  veinlets  are  approximately  of  a  width  correspond- 
ing to  the  thickness  of  the  surface  nodules,  all  of  which  are  more  or  less  flat 
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and  longer  than  they  are  wide.  This  surface  material,  therefore,  simply  repre- 
sents the  concentrates  found  as  the  material  below  has  weathered  and  as  the 
manganese  veins  became  freed  from  the  matrix.    ♦    ♦     ♦ 

There  seems  to  be  even  a  greater  concentration  of  the  manganese  and  limonlte 
in  the  Nagpartian  Hills,  but  the  nature  of  the  country  and  the  difficulties  attend- 
ing transportation  preclude  any  probability  of  development  in  that  locality. 

Between  Punta  Negra  and  Punta  Blanca  perhaps  the  best  prospect  for  the 
mining  of  this  ore  is  seen.  It  is  at  this  point,  within  a  very  few  minutes*  walk 
of  the  sea,  that  Mr.  F.  D.  Burdette  has  been  at  work  with  a  large  force  of 
native  laborers.    ♦    ♦    ♦ 

Not  over  2  feet  of  concentrates  were  exposed  at  the  time  of  the  writer's  visit 
to  this  place;  only  after  further  work  will  it  be  ascertained  whether  there  is 
more  than  one  bed  of  concentrates.  If  sufficient  quantity  of  this  ore  .could  be 
found  it  would  be  best  to  "  riddle "  it,  afterwards  sack  it  and  transport  it  by 
means  of  cargadores  or  a  cableway  down  to  a  storehouse  on  the  beach  and  from 
there  it  can  be  shipped  during  the  southwest  monsoon.  The  lateral  distribution 
seems  to  be  sufficiently  extensive,  but  at  the  time  of  my  inspection  I  had  some 
fear  as  to  the  vertical  extent  of  the  deposits.  Recent  development  work  has 
in  some  measure  shown  this  to  be  well  grounded. 

Analysis  of  the  manganese  ore: 
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Mica  and  talc, — In  the  "Thetford"  workings  (I locos  Norte)  the  most  abun- 
dant minerals  are  the  micas  and  the  micaceous  chlorites  and  talc.  Muscovite, 
biotite,  margarite,  phlogopite,  pennine,  and  talc  were  noted,  all  very  mixed  in 
pockets  and  along  shearing  planes;  much  actinolite  also  accompanied  these 
minerals.  No  large  sheets  of  mica  were  seen,  in  fact  all  these  micas  occur  in 
rather  a  triturated  condition,  so  that  as  I  have  mentioned  above,  they  could 
find  use  only  in  the  industries  which  employ  ground  material.  It  is  quite 
possible,  although  somewhat  improbable,  that  good  sheet  mica  may  be  discovered 
in  this  region.  Agalite,  or  fibrous  talc  as  It  is  commercially  known,  is  exten- 
sively used  in  the  manufacture  of  paper.  Like  asbestos,  it  has  a  distinct 
fibrous  structure  which  causes  it  to  blend  well  with  the  vegetable  fibers  of  paper 
pulp  and  admits  of  its  retention  in  paper  without  the  great  loss  which  accom- 
panies the  use  of  sulphate  of  lime,  china  clay,  and  other  mineral-loading 
materials. 

According  to  the  statistics  of  the  New  York  Geological  Survey  for  1905,  there 
were  produced  67,000  short  tons  of  fibrous  talc,  valued  at  $409,000,  which  gives 
an  average  of  $7  per  ton.  Practically  the  entire  output  of  this  material  finds 
Its  way  to  the  paper  mills.  Mr.  Richmond,  chief  of  the  division  of  chemistry 
of  this  bureau,  has  with  this  use  In  mind  examined  a  specimen  of  tremolite 
altered  on  the  exterior  to  talc.  He  reports  as  follows :  "  Judged  by  the  physical 
properties  of  the  substance  examined,  it  would  be  considered  of  very  good 
quality  for  the  above-named  purpose.  It  grinds  well,  is  of  a  good  color,  and  is 
especially  free  from  grit." 

The  analyses  of  the  Ilocos  tremolite  and  talc,  and  a  standard  agalite  for 
comparison  are  as  follows: 
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Doubtless  only  the  portion  of  this  deposit  represented  by  talc  would  be  Tam- 
able as  a  filler  In  paper  pulp,  but  the  tremollte  Is  sufflcl^itly  high  In  magne- 
sium to  make  It  of  use  for  pipe  lagging,  etc. 

Mineral  paint. — Not  much  can  be  said  concerning  the  mineral  paint,  red  and 
yellow  ocher,  save  that  it  occurs  in  considerable  quantity  at  Dalumat,  bordering 
the  igneous  mass  of  the  plateau  known  locally  as  Babuy  Flats.  This  ocher  has 
resulted  from  the  decay  of  the  Igneous  rock,  which  Is  rich  In  Iron.  There  is  a 
vast  quantity  of  It  available,  and  with  cheap  labor,  as  women  and  children 
could  be  used  to  clean  and  sack  it,  and  by  employing  native  cargadores,  there 
should  be  a  fair  profit  in  It  This  ocher  is  nothing  more  or  less  than  iron 
oxide  In  various  stages  of  hydration,  and  by  burning,  the  hydration  could  b« 
regulated  so  as  to  secure  several  different  colors.  The  yellow  Is  limonite,  the 
red,  hematite.  A  determination  of  silica  and  Iron  by  Mr.  Salinger  gave  23.5 
per  cent  for  the  silica  and  9.8  per  cent  ferric  oxide. 

*  '      *  *  *  *  *  * 

Prospecting  and  development  work, — ^There  are  several  prospectors  In  this 
field,  but  only  one  organized  company  was  doing  any  systematic  development 
work  at  the  time  of  my  visit.  This  is  known  as  the  **  Ilocos  Mining  Company," 
whose  representative  In  the  field  is  Mr.  F.  D.  Burdette,  a  man  of  considerable 
familiarity  with  oriental  mining  operations,  geology,  and  labor.  Mr.  Bur- 
dette's  efforts  are  now  being  concentrated  on  the  asbestos  of  the  Dungan- 
Dungan  estate,  and  the  manganese  of  Punta  Negra.  The  Punta  Negra  property 
is  known  as  the  "  Cecile  group." 

It  Is  my  opinion  that  tin  might  be  discovered  in  this  region,  and  It  might 
be  recommended  that  efforts  be  concentrated  on  the  streams  heading  near  or  In 
the  granulite  dike  which  runs  northeast  from  Dalumat. 

TBAN  SPORT  ATION. 

This  Is  one  of  the  worst  features  connected  with  mining  operations  in  this 
region.  The  roads  which  exist  are  in  wretched  condition;  in  the  Nagpartlan 
district  there  Is  only  one,  which  closely  follows  the  coast  To  my  knowledge 
there  is  not  a  single  steel  or  stone  bridge  in  the  province,  and  many  of  the 
wooden  ones  are  in  a  deplorable  state  of  preservation.  There  are  no  bridges 
over  the  Laoag,  the  Bacarra,  the  Baruyen,  and  Bamban  rivers;  only  bamboo 
rafts  are  available,  and  at  certain  seasons  of  the  year  these  can  not  be  used. 
The  transportation  of  supplies  is  entirely  dependent  upon  bull  carts  and  carga- 
dores. The  distance  from  Pasuquin  to  Nagpartlan  Is  only  about  one-fifth  that 
from  Pasuquin  to  Vlgan,  but  the  time  consumed  In  making  the  trip  with  bull 
carts  is  about  the  same.  Traveling  with  a  bull  cart  is  slow  and  somewhat 
difiBcuU,  but  the  rate  of  pay  is  not  high,  it  being  usually  about  25  centavos 
per  mile,  although  it  sometimes  depends  upon  whether  you  are  going  to  or 
from  Laoag.  Cargadores  can  easily  be  procured  if  it  does  not  happen  to  be 
the  rice  harvesting  season  when  they  are  wanted,  their  cost  being  about  35 
centavos  per  man  per  day  and  subsistence.  Rice  or  ground  com  Is  sufficient 
for  them.  The  conditions  affecting  transportation  on  the  water  have  been 
given  elsewhere. 

LABOR. 

The  Ilocanos  make  very  good  laborers  and  are  always  willing  to  work, 
although  they  are  remarkably  untutored  in  the  kind  of  labor  required  in 
mining.  One  great  difficulty  comes  in  the  harvesting  season;  for  then  they 
are  very  reluctant  to  leave  the  rice  fields.  Thirty-five  centavos  a  day  and  sub- 
sistence is  the  usual  rate  at  present.  The  general  labor  conditions  here  are 
the  same  as  In  other  parts  of  the  Islands  and  of  the  Orient.  When  the  native 
and  his  dialect  are  better  understood  It  becomes  evident  that  he  Is  a  much 
better  workman  than  some  would  have  us  believe.  Brutality  on  the  part  of 
the  foremen,  even  apart  from  the  underlying  moral  objections,  will  not  for  a 
moment  accomplish  anything  in  the  handling  of  these  peoples. 


(From  the  Far  Eastern  Review,  October,  1907,  p.  1S2.) 

A  OEOLOOICAL   RECONNAISSANCE  OP   THE  BATANES   I8LANBS. 

(Edited  by  the  Bureau  of  Science,  Manila.) 

By  Henry  S.  Febguson. 

The  Batanes  Islands  lie  between  latitude  20**  16'  north  and  21 '^  05'  north  (or 
21*  13'  north  if  "existence  doubtful"  Bashi  Rocks  are  Included),  or  approxi- 
mately the  latitude  of  the  southern  half  of  the  Hawaiian  Islands,  and  between 
longitude  121°  49'  east  and  122 **  02'  east  Y'Ami,  the  most  northern  island  of 
the  group,  is  about  270  kilometers  from  the  nearest  point  of  Luzon.  Cabo 
EjUgafio,  107  kilometers  from  the  Japanese  Island  of  Little  Botel  Tobago  and 
160  kilometers  from  the  southern  point  of  Formosa.  On  a  very  clear  day  the 
Formosan  mountains  can  be  seen  from  the  summit  of  Mount  Iraya,  in  Batan 
Island.  The  Bashi  Channel,  with  a  minimum  depth  of  1,009  fathoms,  separates 
the  islands  from  Formosa  and  Botel  Tobago  on  the  north,  while  to  the  south 
the  Balingtang  Channel,  with  a  sounding  of  95  fathoms  (without  bottom)  lies 
betweeen  these  islands  and  the  Babuyanes  Group.  The  Balingtang  Islands,  lone 
rocks  rising  perpendicularly  from  the  sea,  lie  In  the  center  of  the  Balingtang 
Channel  and  form  a  connecting  link  between  the  Batanes  and  Babuyanes 
groups. 

The  islands  forming  the  group  are  Y'Ami,  Maysanga,  Mabudis,  Slayan, 
Isbayat,  Inem,  Batan,  Sabtan,  Ibujos,  and  Desquey.  The  first  four  of  these 
are  simply  barren  rocks  of  volcanic  material,  surrounded  by  coral  reefs,  and 
locally  known  as  the  Siayanes,  meaning,  as  I  was  told,  "  good  fishing  grounds." 
The  natives,  however,  seldom  venture  among  these  islands,  as  north  of  Isbayat 
there  is  a  strong  northerly  current  which  has  often  carried  their  boats  to  the 
Japanese  island  of  Botel  Tobago,  and  they  have  many  stories  of  fights  with 
the  savages  of  that  Island.  The  only  inhabited  islands  are  Isbayat,  Batan, 
Sabtan,  and  Ibujos.  Isbayat,  the  largest  and  most  fertile  of  the  group.  Is  en- 
tirely cliff  bound.  There  are  only  two  places  at  which  landings  are  possible — 
one  by  means  of  steps  cut  down  through  the  rock  and  the  other  by  ladders. 
The  land  slopes  inward  from  the  cliffs  and  the  villages  are  situated  in  small 
"sinks."  The  island  has  a  bad  reputation  for  fever,  and  the  natives  of  the 
other  islands  will  not  go  there.  Batan  Is  the  most  thickly  populated.  Santo 
Domingo  de  Basco  is  the  largest  town,  having  a  population  of  something  over 
2,000,  and  a  good  harbor.  Overlooking  the  town  is  the  beautiful  mountain  *of 
Iraya  (height  8,806  feet),  an  extinct  volcano.  To  the  south  and  west  of  Iraya 
is  a  fertile  plain  formed  by  wash  from  the  mountain.  The  southern  and 
c^itral  part  of  the  Island  Is  rugged  and  mountainous.  Except  on  the  slopes 
of  Mount  Iraya  and  In  the  central  part  the  island  is  not  wooded,  but  where 
not  under  cultivation  is  covered  by  short  grass,  which  makes  excellent  pasture 
land.  Sabtan,  southwest  of  Batan,  Is  more  rugged  and  contains  much  less 
arable  land.  The  land  rises  rather  steeply  from  the  eastern  shore  to  a  plateau 
with  an  elevation  of  from  1,0(X)  to  1,2(X)  feet,  which  breaks  off  sharply  In  a  line 
of  cliffs  on  the  west. 

The  principal  town  of  Sabtan  is  San  Vicente,  on  the  east  coast,  where  steam- 
ers can  anchor  when  southwest  winds  make  Santo  Domingo  de  Basco  unsafe. 
Because  of  the  numbers  of  destnictlve  bagulos  which  aflSIct  the  islands,  all  the 
houses  are  built  of  stone,  which  adds  greatly  to  the  picturesqu^ess  of  the 
country.  Ibujos  is  a  small  coral  island,  entirely  treeless,  cliff  bound,  except 
on  the  western  side,  where  a  landing  can  generally  be  made  across  the  coral 
reef.  Desquez  is  similar  to  Ibujos,  but  entirely  cliff  bound.  Inem  (wrongly 
called  Diojo  on  the  charts)  is  a  single  peak  rising  to  a  height  of  over  1,800 
feet  and  undoubtedly  of  volcanic  origin. 

The  Batanes  people  form  a  distinct  race,  speaking  their  own  language,  which 
is  entirely  different  from  the  Ilocano  dialect    They  are  kind,  intelligent,  enter- 
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prising,  and  extremely  industrious,  having  a  reputation  throughout  northern 
Luzon  of  being  excellent  workers.  The  daily  wage  paid  In  the  Batanes  is 
about  ^0.25. 

General  geology,— A  volcanic  agglomerate,  a  rock  formed  of  a  heterogeneous 
mixture  of  angular  pebbles  and  bowlders  of  different  lavas,  forms  the  basal 
rock  of  the  islands.  It  occurs  in  the  islands  of  Sabtan  and  Batan,  in  the 
former  as  a  high  plateau  with  an  elevation  of  from  1,000  to  1,200  feet,  and  In 
the  latter  as  a  series  of  irregular  ridges  reaching  a  maximum  elevation  of  1,600 
feet  This  agglomerate  is  probably  of  Miocene  or  earlier  age,  and  is  cut  by 
dikes  of  basalt  and  andesite  which  may  have  been  feeders  to  old  volcanoes. 
Upon  this  basal  formation  rest  various  limestone  terraces  showing  recent  uplift, 
and  geologically  recent  lavas  from  the  extinct  volcano  of  Iraya. 

The  three  western  islands,  Ibujos,  Desquez,  and  Isbayat,  are  composed  entirely 
of  limestone,  and  seem  to  be  separated  from  the  others  by  a  fault.  This  fault 
line  probably  extends  through  the  Babuyanes  as  well,  separating  the  limestone 
islands  of  Fuga  and  Calayan  from  the  volcanic  islands  of  Babuyan,  Claro,  and 
Oamiguin.  Inem  and  the  Siayanesy  Islands  seem  to  be  remnants  of  a  chain  of 
volcanoes  which  extends  along  the  one  hundred  and  twenty-second  meridian, 
through  the  Batanes  to  Cagua  volcano  in  northeastern  Luzon. 

Economic  geology, — The  only  good  harbor  in  the  Batanes  is  Santo  Domingo 
de  Basco  in  the  northern  part  of  Batan  Island,  and  this  is  entirely  exposed  to 
winds  from  the  southwest,  so  that  during  the  prevalence  of  these  winds  ships 
must  lie  off  San  Vicente  de  Sabtan.  With  the  exception  of  Santo  Domingo  de 
Basco  all  the  towns  in  the  islands  are  situated  back  of  coral  reefs,  through 
which  narrow  and  often  very  crooked  passages  allow  access  for  small  boats. 

Dampier,  in  describing  his  discovery  of  the  Batanes  Islands  (named  by  him 
Bashi  Islands)  in  1671,  says:  *'Both  sexes  wear  earrings  of  a  yellow  metal 
(they  dig  out  of  their  mountains)  having  the  weight  and  color  of  true  gold, 
but  something  paler.  Whether  it  was  such  an  effect  or  no  I  am  not  able  to 
say,  for  it  looks  of  fine  color  at  first,  but  afterwards  fades,  which  makes  us 
suspect  it ;  therefore  our  people  did  not  purchase  much  of  it.  We  observed  the 
natives  to  besmear  it  with  red  earth,  and  then,  putting  it  into  a  quick  fire  until 
It  was  red  hot,  brought  it  to  its  former  color  again." 

One  of  the  Dominican  friars  told  me  that  formerly  the  ornaments  of  the 
churches  were  of  Batanes  gold,  but  that  these  had  all  been  carried  away  in  the 
looting  of  the  churches  by  the  Katipunan  army.  Many  of  the  women  wore 
heavy  gold  earrings  and  bracelets,  often  of  excellent  workmanship.  These,  I 
was  told,  were  all  of  Batanes  gold.  The  gold  was  of  a  light  greenish-yellow 
color,  answering  perfectly  to  Dampier*s  description.  It  is  also  an  Interesting 
fact  that  the  natives  use  the  same  method  of  baking  It  in  red  clay  to  put  the 
desired  tarnish  on  it  All  of  these  ornaments  were  family  heirlooms  and  all 
had  been  handed  down  for  at  least  three  generations.  From  what  information 
I  could  gather  it  would  seem  that  up  to  about  forty  years  ago  the  natives 
washed  gold  from  the  streams  draining  the  region  of  volcanic  agglomerate  on 
Batan  and  Sabtan  islands,  but  that  the  yield  became  so  small  that  work  was 
abandoned  and  panning  is  now  a  lost  art  The  last  stream  to  be  worked  was 
one  on  the  island  of  Sabtan  between  the  barrios  of  Santa  Rosa  and  Santo 
Tomas.  It  is,  of  course,  possible  that  with  more  modem  methods  these  streams 
might  be  reworked  with  some  hope  of  profit,  but  it  seems  rather  doubtful,  and 
the  inaccessibility  of  the  islands  would  hinder  work  on  a  large  scale. 

Two  veins  were  sampled,  one,  near  San  Carlos  de  Magatao,  showing  a  series 
of  small  veins  cutting  an  andesite  dike  with  limonlte  at  their  outcrop,  and  the 
other,  about  a  mile  north  of  Itbod,  being  a  fault  gouge  of  considerable  thickness 
with  pyritized  andesite  on  either  side.  The  assays,  however,  gave  practically 
no  values. 

As  far  as  I  could  find  out  no  lode  mining  was  ever  done  by  the  natives  or 
Spaniards. 

The  later  lava  fiows  from  Mount  Iraya  are  often  copper  stained,  and  in  one 
place  I  found  a  small  vein  of  malachite.  It  was  not  over  a  couple  of  inches 
wide,  however,  and  in  a  rather  Inaccessible  place. 

On  the  beaches  along  the  north  coast  of  Batan  there  is  a  considerable  amount 
of  pumice.    It  might  be  profitable  to  collect  and  ship  this. 


(From  The  Far  Bastern  Review,  May,  1907,  p.  1010.) 
ANNOUHCEXEKT. 

The  division  of  mines  Is  contemplating  the  sending  of  an  expedition  during 
the  next  five  or  six  months  to  make  a  preliminary  mineral  reconnaissance  of 
Mindanao,  This  party  will  consist  of  one  geologist,  one  mining  engineer,  and 
one  topographer,  and  it  Is  hoped  that  the  military  authorities  will  cooperate 
in  this  work,  which  ought  to  mean  much  to  the  Moro  provinces.  Besides 
making  geological  reconnaissances,  route  maps,  etc.,  it  is  the  intent  of  the 
memhers  of  the  party  to  visit  every  locality  where  bona  flde  prospecting  and 
development  work  has  been  carried  on. 

For  this  reason  the  chief  of  the  division  urges  every  prospector  who  may 
chance  to  see  this  announcement  to  leave  his  name,  location  of  property,  and 
all  other  information  that  might  be  of  assistance  to  this  party,  at  military  head- 
quarters in  the  various  districts  and  provinces. 

Mindanao  has  necessarily  been  long  neglected  by  geologists  and  mining  men, 
but  it  is  our  hope  that  we  may  be  able  to  now  make  amends  for  this  remissness 
in  the  past. 

TELLUBIDE. 

The  tellurlde  of  gold,  calaverlte,  has  tjeen  positively  determined  by  the  division 
of  mines  in  some  specimens  recently  brought  in  by  Doctor  Fairbanks.  The 
specimens  are  known  to  have  come  from  the  gold  mining  district  of  southern 
Lepanto. 

This  announcement  should  be  of  great  interest  to  the  mining  fraternity,  if 
for  no  other  reason  than  that  it  is  the  first  authentic  report  of  tellurlde  In  the 
Philippine  Islands. 
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(Prom  The  Par  Bastem  Review,  Nov.,  1907.  p.  184.) 

Hnmro  peospects  oh  and  neab  the  zamboanoa  pehihsxtla, 

uirBAirAO,  p.  L 

(Edited  by  the  Bureau  of  Science.) 

By  Warren  D.  Smith. 
Brief  Summary  of  the  Geology. 

Tip  to  the  present  time,  for  all  we  know  of  the  geology  of  this  particular  part 
of  the  world,  we  have  been  indebted  to  the  famous  traveler  and  geographer, 
Ferdinand  von  Rlchthofen,  recently  deceased  In  Berlin.  Von  Richthofen*s  con- 
tributions to  the  geology  consisted  chiefly  in  the  finding  of  nummulltlc  (Eocene) 
limestone  In  a  piece  of  "  float "  in  the  neighborhood  of  Zamboanga.  The  period 
and  conditions  then  prevailing  in  the  country  made  it  Impossible  for  him  to  do 
more. 

Owing  to  even  more  unfavorable  conditions  that  well-known  and  very  ex- 
perienced geologist,  Mr.  GJeorge  F.  Becker,  who  accompanied  (General  Otis  In 
his  military  operations  in  1898,  was  prevented  from  carrying  on  any  studies 
along  this  line. 

The  fact  that  the  writer  has  been  able  to  obtain  some  new  data  here  Is  due 
solely  to  circumstances.  Now  the  country  Is  at  peace  and  every  facility  of  an 
extremely  efficient  military  organization  has  been  brought  to  aid  in  this  work. 
There  are  still  many  obstacles  to  overcome,  but  which  only  time  and  good  gov- 
ernment can  remedy. 

The  Zamboanga  peninsula  owes  Its  existence  to  a  sharp  bowing  up  of  the 
strata  along  a  northeast  and  southwest  line.  Considerable  metamorphism  is 
to  be  found  as  a  result  of  Intense  lateral  compression,  and  therefore  It  is  diffi- 
cult to  give  the  exact  original  succession  of  strata.  With  the  exception  of  a 
very  pronounced  development  of  schists  along  the  axis  of  the  peninsula,  the 
formations  are  almost  Identical  with  those  of  the  middle  and  northern  portions 
of  the  archipelago.  If,  as  we  have  every  reason  to  believe  to  be  the  case,  the 
coal  measures  have  l)een  Included  In  the  same  compressive  movement  as  those 
which  gave  origin  to  the  schists,  a  most  favorable  condition  Is  at  hand  for  the 
formation  of  bituminous  coal. 

The  real  structure  of  the  peninsula  is  not  revealed  until  one  penetrates  10 
miles  or  more  into  the  interior,  as  a  recent  lava  capping,  which  is  partially  cut 
away  by  the  streams  and  which  borders  the  coast,  conceals  the  foundation  rocks. 

At  this  stage  of  mineral  exploration  in  the  Zamboanga  peninsula,  which  may 
be  said  to  be  but  scarcely  begun,  there  are  only  two  subjects  which  warrant 
mentioning.  They  are  the  Sibuguey  coal  deposit  and  the  Tumaga  gold  prospect 
We  shall  discuss  the  latter  first. 

Tumaga  Oold  Prospect. 

Gold  has  been  found  about  25  miles  north  of  Zamboanga.  It  is  found  in  a 
sticky  yellow  clay,  the  upper  weathered  portion  of  the  underlying  schists,  but 
apparently  only  in  very  moderate  quantity.  Its  original  home  was  the  quartz 
stringers  in  the  schist  No  veins  large  enough  to  work  have  yet  been  located. 
The  only  apparent  profitable  method  of  working  such  placer  ground  would  be 
by  hydraulic  means,  and  as  the  city  of  Zamboanga  Is  at  present,  and  probably 
will,  for  some  time  to  come,  be  dependent  upon  this  river  for  its  water  supply, 
there  would  undoubtedly  be  serious  objections  to  this  method. 

Three  or  four  Zamboanga  prospectors  worked  very  industriously  in  this  region 
for  over  a  year  sluicing,  but  apparently  did  not  get  a  great  deal  to  repay  them, 
Prospecting  for  a  main  lode  should  t>e  continued,  but  placer  ground  should  be 
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sought  nearer  the  mouths  of  the  streams  where  dredghig  might  be  done.  For 
some  time  to  come  all  thought  of  accomplishing  much  in  the  interior  of  the 
peninsula  will  have  to  be  given  up  owing  to  absolute  lack  of  roads  and  topo- 
graphic conditions  which  will  make  their  building  extremely  costly. 

The  Sibnguey  Coal  Deposit 

Though  not  strictly  on  the  ZaAboanga  peninsula,  the  coal  deposits  on  the 
Sibuguey  Blver  are  close  enough  to  be  considered  here. 

A  complete  inspection  of  the  deposits  could  not  be  made  in  a  short  time, 
but  enough  was  seen  to  make  it  clear  that  exceptionally  favorable  conditions 
obtain  in  this  locality,  and  it  is  the  intention  of  the  mining  division  to  carry 
on  a  thorough  detailed  examination  of  this  deposit,  as  soon  as  a  party  is 
available. 

All  that  can  be  said  now  is  tliat  for  outcrop  coal  the  Sibuguey  coal  has  bet- 
ter appearance  than  that  of  any  coal  so  far  found  in  the  archipelgo  which  has 
been  investigated  by  the  division  of  mines. 

Water  transportation  to  the  mine  mouth,  a  distance  not  exceeding  13  miles, 
is  perhaps  the  next  most  favorable  point.  Second,  the  topography  of  the  country 
is  very  regular  and  with  little  relief,  and  the  elevation  above  sea  level  not 
over  150  feet.  The  seams  have  a  westerly  inclination,  varying  from  23°  to  45°. 
Timber  is  plentiful  in  the  neighborhood  of  the  workings. 

Perhaps  the  least  favorable  feature  of  the  whole  proposition  is  the  matter 
of  an  anchorage  for  ships.  A  more  careful  survey  of  the  bay  may  reveal  suit- 
able moorings  for  ships  while  loading. 

From  the  nature  of  the  geology  of  the  Zamboanga  peninsula  it  is  not  improb- 
able that  a  very  good  bituminous  coal  will  be  found  nearer  Zamboanga,  and  it  is 
not  entirely  without  the  bounds  of  possibilities  that  anthracite  may  one  day  be 
discovered.  The  formation  of  anthracite  is  not  altogether  dependent  upon  age, 
but  is  largely  dependent  upon  the  degree  of  metamorphism,  whose  chief  factors 
are  pressure  and  heat  Even  from  a  very  cursory  examination  of  the  formations 
one  can  see  that  the  metamorphism  of  the  rocks  in  this  region  has  been  very 
intense. 

Zamboanga,  P.  I.,  October  27,  1907. 
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By  H.  D.  McCaskey,  B.  S. 
letter  of  approval. 

Office  of  the  Mining  Bureau, 

ManUay  P.  J.,  Augtist  tS,  190t. 
The  report  of  H.  D.  McCaflkey,  B.  S.,  mining  engineer  for  the  mining  bureau,  of  this 
date,  made  to  the  chief  of  the  mining  bureau  and  entitled  '^  Report  on  a  Creological 
Reconnaissance  of  the  Iron  Region  of  Angat,  Bulacan,''  is  approved  and  *    recom- 
mended for  publication. 

Charles  H.  Burritt, 

Ckuf  of  the  Mining  Bureau, 
Approved: 

Dean  C.  Worcester, 

Secretary  of  Interior, 


Office  of  the  Mining  Engineer  for  the  Mining  Bureau, 

JToniTa,  August  tS^  190t, 
Mr.  Charles  H.  Burritt, 

CMef  of  the  Mining  Bureau,  Mcmila,  P,  I, 
Sir:  In  compliance  with  instructions  received  from  you,  and  in  accordance  with  the 
plans  of  this  bureau,  to  gather,  compile,  and  distribute  information  concerning  the 
the  mineral  resources  of  the  Philippines,  a  field  party  was  organized  and  placed  under 
my  charge  during  the  latter  part  of  February;  and  the  month  of  March  and  the  first 
half  of  April  were  devoted  to  an  investigation  of  the  iron  region  of  Angat,  Bulacan. 
As  the  result  of  the  field  work,  and  the  subsequent  work  upon  the  data,  samples,  and 
specimens  obtained,  in  the  office,  drafting  room,  and  laboratory,  I  have  the  honor  to 
submit  the  following  report,  together  with  maps,  sketches,  photographs,  and  the  tabu- 
lated results  of  analyses. 

introduction. 

It  is  with  grateful  appreciation  that  I  here  acknowledge  the  great  assistance  and  con- 
stant encouragement  given  by  you  through  the  initial  difficulties  of  this  first  expedi- 
tion of  its  kind  imder  the  Amencan  regime;  and  I  take  great  pleasure  also  in  thamdng 
the  following  gentlemen  of  the  military  and  civil  service  for  many  courtesies  that  facUi- 
tated  the  work  in  hand  and  without  wnich  there  would  inevitably  have  been  annoying 
and  irritating  obstacles  and  delays:  Mai.  Gen.  Uoyd  Wheaton,  IJ.  S.  Army,  then  com- 
manding the  Department  of  the  North  Philippines;  Col.  Arthur  L.  Wagner,  U.  S. 
Army,  then  adjutant-general  of  that  dCT)artment;  Capt.  Ralph  Van  Deman^  Twenty- 
first  Infantry,  U.  S.  Army,  in  charge  of  the  bureau  of  militi^  information:  First  Lieut. 
Julian  De  Court,  Philippine  Scouts,  commanding  the  stations  of  Angat  ana  Norzagaray; 
Dr.  Paul  C.  Freer,  superintendent  of  government  laboratories;  Seiior  Pablo  Tecson, 
governor  of  Bulacan;  Capt.  H.  T.  Allen,  Sixth  Cavalry,  U.  S.  Army,  chief  of  the  insu- 
lar constabulary;  Mr.  W.  W.  Warren,  senior  inspector  of  Bulacan  constabulary,  and 
others  of  the  insular  government,  of  the  provincial  governments  of  Bulacan,  and  of  the 
municipal  government  of  Angat. 

The  party  as  organized  consisted  of  the  undersigned  as  eimneer  and  geologist  in 
charge,  and  of  the  following:   William  A.  Miller,  rodman;    Luke  E.  Sessler,  cook; 

a  The  illustrations  mentioned  in  this  report  have  been  omitted  and  are  on  file  in 
the  War  Department. 
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Pantaleon  M.  (}eta,  assistant  rodman;  Jos^  Fajardo,  chief  guide;  Sebastian  Peles, 
guide  and  axman;  lianalo  Badasto,  guide  and  axman.  In  suidition  to  the  above  we 
were  assisted  during  the  earlier  part  of  the  work  by  William  Ackerman,  an  intelligent 
and  capable  ^oung  man  detailea  to  accompanv  the  expedition  by  the  bureau  of  mili- 
tary information,  and  by  escort  of  seven  excellent  men  imder  Corporal  Faustino  Soto, 
from  the  provincial  constabulary  of  Bulacan,  who  accompanied  tne  party  throughout 
and  faithfully  guarded  the  supplies  and  government  property. 

Much  credit  should  be  given  to  William  A.  Miller,  whose  active  assistance,  ffood 
judgment,  and  sturdy  conmion  sense  in  handling  the  native  help  were  invaluable. 
The  three  guides  were  TagalogB,native8  of  the  town  of  Aujgat,  where  theywere  emfdoyed. 
They  have  been  called  *  *  axmen' '  in  deference  to  American  usage,  and  they  performed 
the  duties  of  such  in  American  engineer  corps,  but  they  were  useless  with  the  ax  and 
were  remarkably  expert  with  the  \x>\o;  if  the  term  be  not  too  warlike  therefor,  they 
were  the  bolomen  of  the  party.  With  their  long  sharp  knives  they  cut  the  way 
through  what  would  otherwise  be  termed  the  ^'impenetrable  jungle  and  tropical  forest 
undemowth."  They  were  gradually  taught  the  duties  of  flagmen  and  chainmen,  and 
toward  the  end  of  the  survey  they  were  doing  very  satisfactory  work. 

Their  loyalty  and  their  faithful  performance  of  whatever  they  were  riven  to  do  were 
most  ^ratifying.  The  chief  guide  really  knew  less  of  the  trails  and  of  me  country  than 
the  oUiers,  as  we  found  out  to  our  sorrow;  but,  as  there  were  few  trails,  and  we  soon 
learned  those,  and  as  he  was  more  of  a  leader  than  the  others,  and  seemed  better  able  to 
interpret  our  wants  to  the  other  natives  whom  we  employed,  or  with  whom  we  came  in 
contact,  he  was  satisfactory.  As  for  the  native  in  general,  the  Tagalogs  whom  I  met  and 
knew  in  Bulacan  certainly  gave  me  a  most  favorable  impression,  pwticularly  those  of 
the  mountains  wherein  we  worked  and  camped.  The  farther  we  went  from  the  rail- 
road and  large  towns,  the  more  simple  and  natural  the  Filipinos  were.  I  found  no 
difficulty  in  securing  all  the  labor  needed.  They  were  willing  and  glad  to  work  at  a 
peso  a  day,  from  the  old,  gray-haired  men  down  to  boys  of  12;  and  they  expected  this 
waee  no  matter  what  the  class  of  work  nor  the  length  of  the  working  day. 

Ample  field  and  camp  equipment  and  commissary  supplies  were  obtained,  the  former 
through  the  Insular  purchasing  agent  and  the  latter  from  the  commissary  for  the  insular 
civil  government.  This  completeness  of  preparation  for  the  field  was  a  source  of  satis- 
faction to  the  party  throughout  the  trip  and  b  among  those  things  for  which  acknowledg- 
ment has  been  made  to  you.  The  quality  of  the  food  supplied  by  the  insular  conv- 
missary  was  uniformly  good  and  in  piackages  suitable  for  transportation  and  for  use  in 
the  Thropics. 

Transportation  of  the  party  and  supplies  was  by  rail  from  Manila  to  Bocaue;  from 
this  latter  station  we  marched  across  tne  plain  to  Angat  and  into  the  hills  to  the  site 
selected  for  the  camp;  and  the  eauipment  and  supplies  were  transported  by  carabao 
carts  to  Ai^t  over  fairly  good  roads,  and  by  careadores  over  the  mountain  trails  to  the 
camp.  Owing  to  the  rate  of  speed  obtainable  from  the  carabaos  in  the  great  heat  of 
the  sun  upon  the  level  plain,  the  proeress  was  slow,  even  with  the  animals  hitched 
tandem  to  a  small  cart.  Coming  back  from  Angat  six  weeks  later,  in  a  heavy  rain,  the 
carabaos  made  excellent  time  for  their  class  and  traveled  on  through  the  day  with- 
out stop. 

The  party  left  Manila  on  the  morning  of  March  3  at  7  o'clock,  reached  Bocaue  at 
8,  and  m  half  an  hour  were  loaded  up  and  on  the  road  toward  Angat.  It  was  decided 
to  camp  upon  the  Ilag-puti,  that  being  the  only  good  water  between  Santa  Maria 
and  Angat,  and  the  teams  not  goinfffast  enough  to  reach  the  latter  town  that  day. 
Angat  was  reached  at  noon  the  second  day.  Here  the  cargadores  were  secured  through 
the  presidente,  and  the  baggage  beinf  redistributed,  the  march  was  resumed  eany 
on  tne  5th.  A  site  was  selected  for  the  camp  upon  the  Bayabas  River,  just  below 
the  little  mountain  barrio  of  La  Mesa,  and  affording  a  central  point  from  which  to 
operate.  This  was  reached  by  11  o'clock  of  the  5th.  Good  drinking  water  was  not 
so  readily  found  in  these  hills  as  might  be  supposed,  and  the  camp  site  was  selected 
very  laigely  because  it  was  just  above  the  fine  laige  Santa  Margarita  sprint  of  limestone 
water  and  ]ust  below  some  wells  dug  in  the  sand  from  which  the  filterea  water  of  the 
Bayabas  was  obtainable. 

In  this  connection  I  would  state  that  effort  was  made  throughout  the  work  to  ob- 
serve the  common  laws  of  hygiene  and  health,  and  with  some  success;  for,  although 
ever3rone  in  the  party,  excepting  the  guides  and  myself,  had  some  malarial  fever  during 
the  six  weeks,  tne  small  medicine  chest  furnished  bv  the  civil  hospital  was  reauired 
for  nothing  more  serious  than  for  quinine  for  these  mvers  and  for  bandages  ana  lini- 
ment for  me  ordinary  sprains  and  brubes  incident  to  active  work  in  rough  country. 

The  camp  selected  as  the  base  of  operations  was  utilized  throughout  the  entire 
work,  as  it  was  considered  less  expensive  with  caigadores  at  a  peso  per  man  per  day 
than  to  move  the  «itire  force  from  place  to  place  through  the  limited  area  proposed 
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for  investigation.  The  working  party,  however,  consisting  of  the  lodman,  the  guide, 
and  mjrBefl,  were  not  thus  limited,  as  we  frequently  slept  out  overnight  and  lived 
from  our  haversacks. 

Camp  was  broken  on  the  morning  of  April  14  and  Manila  was  reached  the  night  of  the 
16th,  the  return  being  made  by  the  route  taken  in  goinff  from  here.  The  ^des  and 
the  constabulary  accompanied  us  to  Bocaue,  where  the  former  were  paid  off  and 
discharged  and  the  latter  were  sent  by  train  to  Malolos. 

Immediately  upon  my  arrival  account  was  made  to  you  of  all  moneys  received 
and  disbursed  during  the  expedition.  It  had  been  my  constant  effort  to  keep  all 
expenses  within  the  strict  limit  of  necessity,  and  this  was  found  a  comparativdy 
simple  thing  to  do.  The  rates  for  labor  and  transi)ortation  were  pretty  well  fixed  and 
it  required  merely  the  usual  vigilance  to  keep  within  them.  As  stated  before,  the  rate 
demanded  of  American  employers  for  all  classes  of  work  was  a  peso  a  day.  This 
was  high,  and  one  native  iron  smelter  complained  to  me  that  while  Americans  paid 
this  wage  he  conld  not  keep  men  at  work;  on  the  other  hand  I  found  that  with  only 
temporary  employment  to  offer  I  could  not  get  satisfactory  service  for  less.  The 
total  expense  account  as  submitted  and  approved  shows  a  lower  rate  per  diem  than 
any  American  survey  of  similar  purpose  with  which  I  am  acquainted,  and  this  not- 
withstanding the  higher  cost  of  supplies  in  general  1*  ;re  than  m  the  United  States. 

FIELD    WORK. 

In  order  that  the  scope  might  be  as  broad  as  possible  within  the  time  planned  for 
the  field  work  it  was  decided  to  divide  the  work  into  the  following  heads:  (1)  Recon- 
naissance, (2)  surveying,  (3)  geological  tours,  and  (4)  economic  investigations. 

These  overlapped  each  other  more  or  le^,  and  each  of  the  latter  three  would  seem 
to  have  been  quite  enough  of  an  undertaking  for  one  man  during  the  six  weeks;  this 
bein^  particularly  true  because  no  satisfactory  maps  existed  upon  which  geolqp;ical 
plotting  might  be  done,  because  the  trails,  undergrowth,  and  forest  were  so  difficult 
that  process  was  extremely  slow,  and  because  all  of  the  assistants  taken  into  the  field 
were  entirely  unskilled  and  it  was  necessary  to  ^ive  much  time  and  patience  to  their 
training.  The  ordinary  physical  difficulties  arising  from  work  in  the  roughest  of  moun- 
tain country  with  poor  trails,  or  none,  through  mud,  water,  and  the  dense  jungle,  and 
in  the  midst  of  the  hot  season,  have  been  overcome  by  thousands  of  our  gallant  sol- 
diers and  equally  hardy  prospectors  and  other  pioneers  in  the  Philippines;  and, 
although  they  have  been  commented  upon  by  every  geologist  who  has  attempted  work 
in  these  islands,  they  are  to  be  taken  for  granted,  and  the  only  excuse  for  their  mention 
is  that  to  a  greater  or  less  degree  they  unquestionably  retard  the  progress  of  the  work. 

Immediately  upon  establishing  Camp  Burritt  (so  named  in  honor  of  the  chief  of  the 
bureau),  a  series  of  ascents  was  begun  to  the  tops  of  the  hills  and  mountains  for  the 
purpose  of  observing  and  sketching  the  country,  studying  the  rock  formations  in  the 
mass  as  well  as  the  vegetation  and  forest  growth  would  permit,  and  selecting  stations 
for  the  triangulation  work  of  a  survey  of  the  Bayabas  River,  from  the  iron  region  to 
the  confluence  with  the  An^t.  Familiarity  was  thus  obtained  with  the  general 
topography  of  the  country,  with  the  water  courses,  and  with  such  mountain  trails  as 
might  be  used. 

The  best  map  available  of  this  part  of  Bulacan  was  found  to  be  one  kindly  furnished 
me  by  Capt.  Ralph  Van  Deman,  Twenty-first  Infantry,  U.  S.  Army,  in  chaige  of  the 
bureau  of  military  information,  made  from  compass  surveys,  I  believe,  and  to  a  scale 
of  1:53,360,  or  1  inch  equal  to  1  mile.  This  map  was  found  to  be  good  as  far  as  the 
Angat  River,  but  incomplete  in  the  hill  coimtry  containing  the  limestone  formations 
and  the  ore  beds.  With  this  as  a  basis  and  with  data  from  me  mining  bureau  and  my 
surveys  I  have  been  able  to  produce  a  map  which,  while  not  itself  complete,  may  be 
foimd  more  satisfactory,  I  trust,  for  this  interesting  eastern  portion  of  Bulacan  than 
what  exists  before. 

The  survey  work  executed  was  chiefly  for  the  purpose  of  mapping  that  part  of 
Bulacan  between  the  Ansat  River  and  tne  iron  deposits.  For  this  area  I  could  find 
nothing  of  value  to  suitable  scale,  and  I  concluded  that  time  would  be  well  spent  in 
Hius  covering  the  ground.  The  method  used  was  a  small  tertiary  triangulation  from 
peak  to  peak  from  me  stations  of  which  system  points  were  located,  for  a  stadia  traverse 
survey  of  the  Bayabas  Valley. 

The  field  notes  reduced  and  plotted  enabled  me  to  map  the  area  mentioned.  A  base 
line  as  long  as  could  be  measured  without  the  consumption  of  much  time  and  expense 
was  laid  out  in  the  La  Mesa  Basin,  stakes  were  carefully  lined  with  the  transit  at  dis- 
tances apart  less  than  50  feet,  and  measurements  were  made  with  a  steel  tape  from 
centered  tacks  driven  in  the  stakes.  Levels  were  then  run  on  the  stakes,  and  the 
distances,  and  finally  the  entire  base  line,  was  reduced  by  computation  to  the  true 
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horizontal.  The  measurements  and  levels  were  all  repeated  before  reduction,  and  the 
means  were  taken  for  that  purpose.  The  differences  were  extremely  small.  Everv 
effort  was  made  to  approximate  accuracy,  because  the  extremely  hilly  and  difficult 
nature  of  the  country  necessitated  so  short  a  line  that  the  greatest  possiole  nicety  was 
required.  The  device  of  repeating  all  angles  of  the  system  was  also  used  for  the  same 
purpose.  Some  unavoidable  delay  and  annoyance  were  caused  by  the  use  of  native 
flagmen,  particularly  when  they  were  at  distant  stations  and  could  not  be  intelli- 
gently communicated  with;  but  they  were  ever  willing,  and  they  carried  out  as  well 
as  they  could  what  they  understood  to  be  their  instructions.  Their  mistakes  were 
natural,  after  all.  After  having  left  their  stations  once  or  twice  before  all  of  the  required 
angles  had  been  read  they  showed  their  good  spirit,  if  not  their  good  judgment,  by 
afterwards  remaining  standing  rieid  in  the  hot  sun  for  an  hour  or  more  rather  than 
make  the  mistake  again.  Several  methods  of  signaling  were  devised  for  communicat- 
inewith  them,  but  these  were  only  partially  successful. 

The  stadia  traverse  surveys  were  as  carefully  executed,  all  ordinary  precautions  for 
accuracy  being  taken  at  all  times. 

It  would  be  a  matter  of  greatest  satisfaction  to  me  to  be  able  to  present  with  this 
brief  report  a  complete  map  with  contour  topography  on  a  scale  of  400  feet  equal  to 
I  inch ;  out  with  the  time  and  assistance  at  my  dispo«d  and  with  thepressure  of  other 
duties  in  the  field  such  an  imdertaking  was  clearly  impossible.  Tne  general  plan 
followed  throughout  the  expedition  was  to  accomplish  as  much  as  pould  be  done  aJone 
the  various  lines  decided  upon  and  within  the  given  time  and  scope.  A  more  detailed 
topographic  siu^ey  at  this  time  would  have  consimied  much  time,  and  therefore 
expense,  as  the  narrow  valleys  and  steep  hills  were  in  almost  the  entire  area  thickly 
covered  with  dense  tropic  undergrowth  or  heavily  wooded.  Lines  of  sight  would 
have  necessitated  continued  cutting,  and  every  foot  of  progress  would  have  been  slow 
and  laborious.  But  little  land  has  been  cleared,  and  the  forest  is  for  the  most  part 
virgin.  It  would  seem  judicious  therefore  to  anticipate  detailed  work  of  the  hignest 
accuracy  by  exploratory  surveys  imtil  better  maps  are  had  upon  which  to  outline 
more  expensive  work. 

Unless  the  field  ^legist  be  supplied  with  abimdant  time  and  facilities  for  first 
nu^ine  a  topographic  map  and  from  that  a  geological  map,  he  should  go  to  his  labors 
with  the  results  of  topographic  work  in  his  hands.  It  did  not  seem  possible  or  wise  to 
me  for  the  reasons-  given  m  the  preceding  paragraph  to  attempt  tne  location  of  all 
geological  horizons  and  the  plotting  of  the  various  geological  areas.  This  work  will 
follow,  I  trust,  in  due  course  of  time  when  sufficient  trustworthy  data  will  have  been 
gathered  to  make  such  a  map  reliable.  The  materials  are  not  yet  at  hand  for  tiiis 
culminating  stage  of  field  geology,  and  an  attempt  to  attain  at  this  time  the  object 
desired  would  result  in  an  imperfect  map,  which  might  be  suggestive,  but  which  would 
probably  be  misleading  at  best.  Mr.  Richard  von  Drasche  has  with  commendable 
energy  and  purpose  begun  such  a  map  of  a  portion  of  Luzon;  but  that  his  data  was  not 
sufficiently  complete  to  warrant  the  plotting  of  such  extensive  areas  as  he  attempted 
has  been  shown  by  the  later  work  of  Sefior  Abella,  possibly  the  most  distinguished 
geologist  of  all  the  former  inspectors  of  mines.  That  one,  at  least,  of  Mr.  von  Drasche's 
conclusions  upon  incomplete  data  was  correct,  however,  I  shall  attempt  to  show  in  a 
later  portion  of  this  report. 

My  geological  tours  were  along  the  ravines  and  water  courses,  across  the  ridges  and 
hilltops,  and  over  part  of  the  rolling  country  between  the  hills  and  the  Angat  River. 
I  visited  springs  and  caves  and  brought  back  to  the  office  a  suite  of  about  a  himdred  and 
fifty  specimens,  some  of  which  have  been  analyzed  and  not  all  of  which  have  I  had  time 
as  yet  to  thoroughly  work  over.  For  lack  of  time  and  of  complete  facilities  for  this  class 
of  work,  the  rocKs  to  be  analyzed,  as  of  more  immediate  economic  importance  than  the 
others,  were  referred  to  the  bureau  of  government  laboratories,  and  to  the  chemists  of 
that  branch  of  the  service  I  am  indebted  for  the  analyses  herein  given. 

A  diligent  search  was  made  for  fossils  during  the  progress  of  the  field  work,  but  with 
the  exception  of  three  or  four  very  imperfect  ones  from  the  Baras-bacal  limestones  none 
were  found. 

The  economic  investigations  were  confined  to  a  careful  study  of  the  native  method 
of  iron  smelting[  and  of  lime  burning  in  addition  to  the  securing  of  such  information 
as  I  could  obtain  concerning  the  mineral  resources  of  this  part  of  Bulacan.  I  must 
express  my  indebtedness  to  Sefior  Mariano  Suarez,  treasurer  of  the  town  of  Angat, 
who  operated  the  only  furnace  in  blast  in  this  region  during  the  time  of  my  visit, 
whose  plant  I  inspected  several  times,  and  to  whom  I  owe  acknowledgment  for  many 
details  always  courteously  riven.  Further  interesting  information  was  obtained  from 
Dofia  Maria  Alteza  Femanao,  whose  new  camarin  was  being  built  during  the  time  of 
my  visit  and  whose  maestro,  or  smelter  boss,  told  me  much  from  his  long  experience 
in  his  special  work.  I  gladly  acknowleds;e  the  uniform  courtesy  and  attention  shown 
by  all  tneee  smelter  people  engaged  in  this  most  interesting  and  useful  industry. 


242      APPENDIX  TO  REPORT   OF  THE  PHILIPPINE  COMMISSION. 
PHYSICAL  AND  OBOOBAPHIGAL. 

The  province  of  Bulacan  lies  within  the  central  part  of  Luzon,  its  boundaries  touch- 
ing those  of  Nueva  Ecija  on  the  north  and  northeast,  Infanta  on  the  east,  Rizal  on  the 
south,  Manila  Ba^^  on  the  south  and  southwest,  and  Pampanga  on  the  west.  The 
eastern  boundary  is  part  of  the  crest  of  the  great  cordUlera  of  Luzon,  and  part  of  the 
western  boundary  is  the  extensive  Candaba  swamp,  which  marks  a  pronounced  depres- 
sion  in  the  low  plain  between  the  cordillera  and  the  Zambales  range.  In  general, 
therefore,  this  province  lies  tilted  toward  the  east  and  the  rainfall  caught  in  the  moun- 
tains and  foothills  makes  its  way  west.  That  part  of  the  main  range  constituting  the 
extreme  eastern  boundary,  the  lone  spur  running  from  the  northeastern  comer  of  the 
province  almost  to  San  Miguel  de  Mayumo,  and  the  series  of  hills  and  foothills  parallel 
to  the  ran^e  and  extending  west  as  far  as  Angat  and  San  Jos^  del  Monte,  constitute  the 
hilly  portion  of  Bulacan,  and  this  in  area  is  a  little  over  half  the  province.  This  is 
the  undeveloped  part,  and  it  contains  but  a  small  portion  of  the  population;  and  herein 
lie  the  mineral  deposits  and  springs,  the  valuable  forests,  and  the  beautiful  little  moun- 
tain valleys  and  basins  that  must  sooner  or  later  prove  very  attractive  to  American 
farmers  here. 

The  Rio  Grande  de  Pampanga  flows  across  the  southwestern  comer  of  the  province, 
emptying  into  Manila  Bay  oy  many  mouths.  The  Angat  is  the  most  important  river 
in  Bulacan,  and  witji  its  many  tributaries  it  drains  the  greater  p<»rtion  of  the  province. 
Rising  in  the  extreme  northeast  between  the  Pahalang  Mountains  and  the  main  range 
it  flows  south,  receiving  the  waters  of  the  Malabid  and  the  Ipo  from  the  east,  then 
turns  west  flowing  past  Norzagaray  and  northwest  receiving  tne  Bayabas  just  below 
Angat;  from  here  it  flows  west  past  Maronco  and  San  Ra&el,  turns  south  between 
Bustos  and  Baliuag  to  Quinga,  from  which  place  it  flows  west,  emptying  into  the  Rio 
Grande  de  Pampanga  near  C^alumpit. 

The  Meycauayan,  Marilao,  Ilag-puto,  Bocaue,  Gui^uinto,  and  Divisoria  are  short 
streams  flowing  south  and  southwest  and  emptying  into  the  bay  by  many  mouths 
south  of  the  Angat,  and  the  Maasin  (U])ig),  Garlan^,  Balaong,  San  ^figuel,  and  Buto 
form  a  series  of  mountain  streams  risiiig  in  the  foothills  north  of  the  Angat  and  flowing 
west  emptying  eventually  into  the  Rio  Grande  de  Pampanga. 

Almost  the  entire  area  between  the  roadway  of  the  ManUa  and  Dagupan  Railroad 
and  the  bay  is  low,  swampy  land  intersected  by  the  numerous  esteros  of  the  delta  of 
the  Rio  Grande.  These  lorm,  from  their  very  number,  the  most  convenient  means 
of  getting  from  place  to  place  in  this  part  of  the  province. 

There  are  many  mountain  limestone  springs  of  cool,  refreshing  water,  such  as  the 
Santa  Margarita  spring,  on  the  south  bank  of  the  Bayabas,  just  below  La  Mesa,  where 
the  river  cuts  through  the  limestone  formation,  and  where  through  the  joints  and 
fissures  the  waters  gush  out  from  the  rock  cool  and  sweet  and  clear.  In  addition  to 
these,  however,  there  are  two  well-known  groups  of  mineral  sprinm,  both  of  which 
are  called  Sibul,  which  is  the  Tsjpalog  word  for  spring.  Notes  upon  Qie  history,  chem- 
ical and  medicinal  properties  of  these  spring  arc  given  here  without  apology;  they 
are  abstracted  partly  from  records  in  the  mining  bureau,  partly  from  m(r  own  notes, 
and  given  largely  for  the  benefit  of  invalids  and  physicians  who  may  not  find  the  infor- 
mation otherwise  available;  and  in  a  later  part  of  this  report,  notice  will  be  taken  of 
such  geological  information  as  exists  upon  the  subject. 

NOTES  ON  MINXBAL  8PBIN0S. 

In  the  early  part  of  1891  the  principales  of  San  Mi^el  de  Mayumo  petitioned  the 
governor-general  to  allow  them  to  constmct  a  reservoir  for  the  utilization  of  the  sur- 
plus waters  of  the  mineral  medicinal  springs  at  Sibul.  This  was  eranted  May  13  of 
that  year,  upon  the  condition  that  the  people  of  that  vicinity  shomd  be  given  gratu- 
itous use  of  the  waters  of  the  reservoir. 

The  inspector  of  mines  was  instructed  on  June  16  to  locate  a  site  for  this  reservoir  so 
that  the  rights  of  the  government  in  all  springs  of  this  class  should  not  be  prejudiced. 

Sefior  Abella,  the  inspector  of  mines  at  that  time,  went  to  Sibul  and  found  that  the 
natives  had  anticipated  his  arrival  by  enlarging  the  openings  of  two  adjoining  mineral 
springs  to  such  an  extent  that  they  would  have  received  very  much  more  than  the 
surplus  waters  for  the  reservoir.  Their  excavations  had  also  seriously  impaired  the 
respective  virtues  of  the  two  spring,  "San  Jos6"  and  "San  Miguel,"  by  mixing  the 
waters;  and  all  this  in  direct  violation  of  the  reeulations  of  the  royal  decree  of  Febm- 
ary  27,  1890,  which  stipulate  that  "the  establishments  of  mineral  waters  of  Cuba, 
Puerto  Rico,  and  the  Philippines,  designated  for  the  cure  of  whatever  infirmity,  shall 
be  under  the  jurisdiction  of  the  ultramarine  minister,  to  be  directed  in  conformity 
with  these  regulations.**    (Chap.  I,  art.  I.)    Also  that  "no  new  establi^ments  ol 
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medical  mineral  waters  may  be  dedicated  to  the  public  service  for  therapeutical  pur- 
poses until  the  ultramarine  minister  has  first  declared  the  public  utility  of  the  waters 
and  conceded  the  corresponding  authorization  for  its  opening."  (Chap.  II,  art.  5), 
and  also  that  "if  he  (the  governor)  should  decide  favorably  upon  the  construction  of 
the  establishment  he  shall  order  to  be  made  the  plan  prescribed  by  paragraph  2,  article 
8  and,  with  the  advice  of  the  mining  engineer,  and  a  medical  director  by  fixed  appoint- 
ment (if  there  be  such)  he  shall  indicate  the  perimeter  of  expropriation  to  be  extended, 
of  the  territory  adjacent  to  the  spring,  for  the  erection  of  the  establishment  and  all  of 
its  dependencies.'^     (Chap.  II,  art.  13,  Par.  I.) 

Upon  noticing  these  infractions  of  the  law  and  the  endangering  of  the  usefulness 
of  the  spring,  Senor  Abella  at  once  reported  the  facts  to  the  governor  of  Bulacan  and 
to  the  governor-general  of  the  blands,  making  suggestions  to  the  latter  which  were 
approved  and  ordered  carried  out.  These  suggestions  embraced  the  establishment 
of  two  circular  zones  with  the  baths  as  a  center,  within  the  first  of  which  no  excavation 
or  construction  of  any  kind  might  be  permitted,  and  within  the  second  of  which 
there  be  allowed  no  excavation  to  a  greater  depth  than  2  meters.  These  suggestions 
seem  worthy,  being  based  upon  a  geological  study  of  the  formations  there  found; 
and  they  were  intended  to  work  for  the  conservation  of  the  greater  public  benefit 
from  the  batiis. 

Not  imtil  November  of  1891  could  the  inspector  proceed  with  the  demarcation  of 
the  zones,  owing  to  the  heavy  rains.  He  then  performed  the  work  and  submitted  a 
report  with  plans,  copies  of  which  are  herewith  given,  showing  the  location  of  these 
interesting  and  valuable  medicinal  springs. 

Abella,  in  his  report,  assumes  that  these  springs  are  caused  by  the  uplifting,  folding, 
and  breaking  of  the  strata  by  the  extrusion  from  below  of  modem  augite  andesites. 
From  the  fact  that  the  overljring  strata  are  alternate  layers  of  sandstones  and  shides, 
more  or  less  porous,  based  upon  limestones,  because  of  the  low  thermality  of  the  waters, 
and  because  of  their  fiuctuations  in  volume  according  to  the  season,  he  also  infers, 
and  probably  correctly,  that  waters  of  infiltration  meet  the  subterranean  waters 
releai^  by  me  fracturing  above  mentioned,  and  that  the  final  flow  from  the  mouths 
of  tiie  springs  is  that  of  mixed  subterranean  and  surface  water. 

Hie  second  visit  of  the  inspector  to  these  springs,  which  led  to  a  more  detailed  study 
of  them  and  to  a  chemical  analysis  and  to  the  gathering  of  physical  data,  was  brought 
about  in  rather  a  curious  way. 

In  1893  the  medical  director  at  the  baths  wrote  to  the  "department  of  beneficence 
and  sanity"  requesting  to  be  relieved  of  his  responsibility  and  stated  the  following 
reasons:  "The  increasing  difficulties  he  encounters  in  the  execution  of  his  duties, 
not  only  because  of  the  continuing  reasons  and  protests  of  the  public  who  resist  the 
payment  of  dues,  but  more  especiallv  for  the  nonexistence  of  sm  establishment,  and 
uwlk  of  installation  of  apparatus  for  the  technical  employment  of  the  waters;  neither 
is  there  an  office  for  the  medical  director  nor  anything  else  to  harmonize  with  the 
official  decorum  and  the  delicate  mission,"  etc.  He  further  states  "that  as  an  extra- 
ordinary credit  has  been  conceded  for  the  purpose  of  commencing  the  work  on  such 
an  estaDlishment"  he  would  be  glad  to  give  his  services,  upon  the  same  salary  as  he 
^en  drew,  to  the  commission  then  at  work  upon  the  mineral  springs  of  the  archipelago. 

The  inaorsement  upon  this  netition,  written  by  the  chief  of  "beneficence  and 
sanity,''  probably  gave  the  medical  director  food  for  thought  and  reminded  him  that 
even  admitting  that  the  bathing  establishment  was  not  then  in  the  condition  in  which 
it  ^ould  be  by  law  for  the  use  of  the  public,  notwithstanding  the  explicit  instruction 
of  the  royal  decree  above  quoted,  and  admitting  that  the  director  was  not  provided 
with  a  suitable  office  and  might  thereby  have  been  subjected  to  more  or  less  official 
indignity,  still  there  was  work  to  do.  -^ 

He  was  informed  that  the  ground  should  be  cleared  and  prepared  for  the  new 
buildings  projected,  and  that  particularly  all  vegetable  decaying  matter  and  other 
matter  subject  to  putrefaction  should  be  removed  as  it  had  been  repeatedly  reported 
in  Manila  that  invalids  at  the  springs  had  frequently  contracted  fever  during  their 
stay  at  Sibul;  he  was  also  informed  tnat,  as  a  number  of  physicians  had  complained 
that  the  waters  of  the  baths  no  longer  gave  the  marvelous  curative  results  for  which 
they  had  become  famous,  a  minute  physico-chemical  study  should  be  prosecuted  to 
determine  the  causes  of  such  changes,  if  any,  and  he  was  further  advised  "to  collect 
topographical,  medical,  geological,  and  meteorological  data  smd  notes  respecting  the 
flora  and  fauna  of  the  locality,  -  all  of  which  were  to  be  embodied  in  a  report  which 
should  be  the  basis  for  further  proceedings. 

I^e  recommendations  sent  with  this  indorsement  were  two,  and  the  second  is  of 
interest  because  it  brought  about  two  more  very  careful  studies  of  the  waters,  the 
results  of  which  are  here  included.  These  recommendations  as  confirmed  by  the 
director-general  of  civil  administration,  and  as  carried  out,  were:  "First,  that  the 
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reeolutions  relative  to  the  medical  director  of  the  Sibul  baths  be  suBpended  until  it 
can  be  determined  to  a  certainty  if  these  springs  have  suffered  a  qualitative  alteration 
that  may  have  modified  their  therapeutical  action;  in  which  case,  it  would  be  neces- 
sary to  suspend  the  execution  of  the  works.  Second,  to  send  this  expediente  to  the 
general  inspector  of  mines  in  order  that  as  quickly  as  possible  the  waters  may  ag^in  be 
analyzed.    *    ♦    ♦" 

In  November  of  1893  the  inspector  of  mines,  Sefior  Enrique  Abella,  went  to  Sibul, 
with  apparatus  and  assistants,  and  he  verified  his  former  geological  reconnoissance 
and  obtained  data  for  a  complete  report  upon  the  waters  of  the  springs.  He  found 
few  and  slight  changes  in  the  waters  indicated  by  the  differences  between  his  results 
and  those  of  the  Centeno  commission  of  1885;  and  these  variations  he  ascribed,  not 
to  the  springs  themselves,  but  partly  to  the  different  details  of  methods  used  in  the 
analyses  and  partly  to  the  varying  proportions  of  surface  to  subterranean  waters, 
according  to  the  seasons  of  the  year.    The  waters  had  not  deteriorated. 

The  results  obtained  by  the  second  conunission  were  published  in  the  Official 
Gazette  of  January  28,  1894,  but,  as  Abella  says,  "They  were  mistakenly  interpreted 
by  the  inspection  of  beneficence  and  sanity  *  *  *  and  therefore  has  made  it 
necessary,  as  the  governor-general  considered,  to  make  a  new  study  of  the  spring." 

So  all  of  this  expensive  and  laborious  work  was  repeated  in  February,  1896,  and  as 
Abella  and  his  colleague  had  executed  the  analyses  before,  and  each  had  checked  the 
work  of  the  other,  Abella,  who  was  still  president  of  the  conunission,  detailed  the  new 
member,  Don  Antonio  Luna  y  Novecoio,  professor  of  the  municipal  laboratory,  to 
take  exclusive  charge  of  the  chemical  analyses  of  the  waters.  The  results  thus 
obtained  agree  almost  exactly  with  those  of  Abella  in  1893,  and  very  closely  with 
those  of  Rosario  in  1885.  The  mean  of  the  three  analyses  is  here  given  as  representi  ng 
the  average  conditions  of  flow  and  of  mineral  constituents. 

These  analyses  were  all  performed  upon  the  waters  of  the  San  Rafael  spring  of  Sibul. 
The  San  Matilde  waters  show  similar  results,  and  from  the  position  of  this  spring  with 
relation  to  the  folding  and  fracturing  of  the  strata,  it  is  considered  merely  another 
outlet  of  the  same  body  of  underground  waters  as  furnishes  the  waters  of  the  San 
Rafael.  The  San  Jose  spring,  which  is  ferruginous,  and  which  flows  only  in  the  wet 
season,  is  not  considered  with  the  two  sprinjjs  above  mentioned,  because  it  is  undoubt- 
edly merely  supplied  by  surface  waters  filtered  through  the  strata  and  taking  up 
minute  quantities  of  iron  in  their  descent. 

The  final  report  upon  the  San  Rafael  spring  shows: 

First,  that  tne  temperature  of  the  waters  (28**  C.=82.4*'  F.)  has  remained  constant 
throughout  the  twenty-four  hours  of  the  day  and  during  all  the  seasons  of  the  eleven 
years  up  to  1896. 

Second,  that  although  the  spring  is  of  subterranean  origin,  its  flow  is  augmented  by 
Quantities  of  surface  waters  vailing  according  to  the  season.  Thus,  in  April,  when 
tne  season  is  dry  and  the  conditions  normal,  tne  flow  is  57  liters  per  second;  in  Feb- 
ruary, when  the  effect  of  the  rains  is  still  felt  in  the  mountains,  the  flow  is  77  liters 
per  second;  and  in  November,  when  the  storms  prevail,  the  flow  increases  to  85  liters 
per  second. 

Third,  that  the  quantity  of  sulphureted  hydrogen  varies  from  year  to  vear, 
apparently  in  cycles,  as  is  common  in  other  springs  where  the  sulphydric  acid  is  a 
notable  constituent,  but  that  this  variation  does  not  affect  the  value  of  the  spring. 

THE  SIBUL  or  SAN  MIGUEL. 

There  were  three  sprincs  in  1885  at  the  barrio  of  Tartaro,  or  Sibul,  about  10  kilo- 
meters from  Saji  Miguel  de  Mayumo,  of  which  one,  the  San  Jose,  was  ferruginous, 
was  supplied  by  surface  waters,  and  therefore  inconstant  in  flow,  and  has  since  lost 
its  identity  by  having  been  merged  with  the  waters  of  the  San  Rafael.  The  second 
spring,  the  San  Matilde,  is  but  another  outlet  of  the  waters  which  furnish  the  flow 
from  the  San  Rafael. 

Connected  with  this  latter  valuable  and  well-known  spring,  the  Spanish  Govern- 
ment had  established  baths  and  placed  them  in  charee  of  a  meaical  director.  Patients 
were  sent  to  the  San  Rafael  batns  from  Manila,  ana  the  waters  were  famous  for  their 
curative  properties. 

SAN  RAFAEL  SPBINO. 

In  a  small  ravine,  to  the  northeast  of  the  church  of  Sibul,  is  found  the  San  Rafael 
spring,  the  waters  of  which  collect  in  a  small  jkxjI  about  5}  meters  in  diameter.  In 
the  bottom  of  the  pool  there  is  a  deposit  of  calcareous  tufa  as  a  product  of  sedimentation. 
The  water  gushes  out  profuseljr  from  a  small  crevice  in  the  rock  upon  which  this 
deposit  occurs.    There  is  an  orifice  in  the  east  wall  of  the  pool,  a  few  centimeters 
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above  the  surface  of  the  San  Rafael  waters,  which  furnishes  an  outlet  for  the  San  Jose 
Bprii^,  and  the  waters  of  the  two  springs  are  thus  mixed  and  flow  from  the  San  Rafael 
together. 

The  temperature  has  always  shown  the  same  reading  and  is  28®  C.=»82.4®  F.  The 
water  is  clear  and  transparent  in  small  quantities,  and  is  of  a  light  bluish  tint  when 
observed  in  large  volimies.  The  odor  is  strongly  that  of  sulphureted  hydrogen,  and 
the  taste  is  that  characteristic  of  the  same  sas.  liitmus  l>aper  is  unacted  upon  by  the 
water,  but  paper  soaked  in  freshly  prepared  lead  acetate  is  olackened  both  oy  inuner- 
sion  and  by  suspension. 

The  water  is  spontaneously  gaseous  and  bubbles  of  liberated  ^  rise  to  the  surface 
both  when  the  water  issues  from  the  spring  and  when  it  is  contained  in  a  bottle  or  in  a 
glass. 

The  average  flow  is  73  liters  per  second,  the  constant  temperature  28®  C,  and  the 
mean  density  0.998443. 

The  therapeutic  uses  of  the  San  Rafael  waters  are  recommended  for  dermatosis 
humedaSy  ulcers,  herpes,  chronic  gastro-intestinal  catarrhs,  dyspepsia,  chronic  dysen- 
tery, hepatic  tumors,  and  menstrual  disorders.  The  waters  should  not  be  used  by 
those  having  affections  of  the  heart  or  the  gout. 

The  waters  should  be  used  in  the  bath,  and  doses  of  from  two  to  four  glasses  daily 
may  be  taken  internally. 

The  San  Raefal  season  is  froqi  November  to  May,  when  the  waters  are  normal 
and  when  the  climatic  conditions  are  most  salubrious  and  conducive  to  the  rapid 
convalescence  of  the  invalids. 

SAN  MATILDE  SPBINQ. 

About  a  kilometer  to  the  north  of  the  preceding,  and  flowing  into  a  pool  excavated 
in  the  plain,  the  San  Matilde  spring  is  found.  Upon  leaving  their  basins  the  waters 
of  both  the  San  Rafael  and  the  San  Matilde  springs  flow  into  the  Rio  Chico.  There 
is  an  abundant  escape  of  gases,  as  shown  by  tne  bubbles  rising  to  the  surface. 

The  water  is  clear  and  transparent  in  small  quantities  and  is  slightly  opaline  and 
of  a  bluish  tint  when  viewed  in  the  mass.  It  is  sulphydric  in  odor  and  taste,  of  an 
acid  reaction  so  slight  as  to  be  almost  imperceptible,  and  is  of  minute  variation  in 
temperature. 

Wnen  used  in  the  bath  it  produces  a  general  excitation  more  or  less  intense  and 
increases  the  activity  of  the  reflex  power  of  the  nervous  system.  Taken  internally 
it  occasions  a  stimulation  in  the  gastro-intestinal  apparatus,  related  in  intensity  with 
the  state  of  irritability  of  the  organs.  In  small  doses  it  augments  the  contractive 
force  of  the  muscular  tunic  of  the  stomach,  stimulating  the  circulation  and  materially 
modifying  the  digestive  functions,  facilitating  the  complete  absorption  of  substances 
that  can  be  assimilated. 

The  oxidation  and  temperature  are  therefore  augmented,  the  circulation  is  more 
active,  and  the  breathing  more  ample. 

In  doses  of  200  grams,  repeatea  several  times  during  the  day,  the  excitation 
of  the  stomach  is  more  intense,  and  a  great  part  of  the  water  passes  to  the  intestines, 
where  it  produces  an  exosmotic  current,  awakens  the  contraction  of  the  muscular 
timic,  and  originates  evacuations  of  a  dark  color  in  which  dominate  the  coloring 
elements  of  the  bile,  the  mucus  and  the  cellular  detritus. 

If  the  doses  exceed  500  ^ms,  as  they  do  in  the  case  of  almost  every  invalid  at 
Sibul  to  whom  they  are  administered,  the  dialytic  action  is  mechanical,  and  the  evacu- 
ations are  preceded  by  a  sensation  of  very  oppressive  burden  and  great  pain. 

These  waters  of  the  San  Matilde  spring  are  recommended  for  cases  of  aermatosis 
humedaSy  chronic  catarrh  of  the  digestive  tube,  dyspepsia  not  related  with  alterations 
of  the  texture  of  the  organ  nor  witn  a  general  morbid  state,  tumqrs  of  the  liver  and  of 
the  spleen,  neuralgia  provoked  by  hysteria,  leucorrhoea,  menstrual  hemorrhi^^e,  and 
chronic  parenchymous  inflations  of  the  matrix  sustained  by  the  herpetic  constitution, 
or  by  aneemia. 

The  waters  are  useful  in  cases  of  chronic  dysentery  when  the  disease  has  not  pro- 
gressed too  far  and  the  alterations  of  the  mucous  intestinal  texture  are  not  consideraole; 
and  they  are  particularly  useful,  like  those  of  the  San  Rafael  spring,  in  dysentery 
originated  by  circulatory  overthrow  of  the  vena  ports  and  when  this  infirmity  is  shown 
in  persons  subject  to  the  influence  of  herpes. 

The  waters  should  be  used  in  baths  of  short  duration  and  in  carefully  graduated 
internal  doses  not  exceeding  400  grams;  and  the  season  for  treatment  is  from 
November  to  March. 
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THB  SAN  J08B  STinfO. 

This  spring,  as  before  stated,  is  of  small  volume  and  it«  waters  flow  into  those  (A  the 
San  Rafael.    The  supply  being  from  the  sur^e,  the  flow  is  more  or  lees  uncertain. 

The  ¥rater  is  colorless,  with  a  slight  sediment,  without  odor,  and  of  slight  preceptible 
taste  of  ink.     it  is  without  the  evolution  of  spontaneous  gases  and  is  of  neutnJ  reaction. 

The  use  of  these  waters  is  recommended  for  chlorosis  ansemia,  dyspepsia,  gastralgia, 
and  for  other  disorders  of  the  digestive  tube,  for  leuconrhoea,  and  for  all  states  of  am- 
valescence  characterized  by  general  debility. 

The  waters  are  not  advised  for  gastro-intestinal  disorders  with  orsanic  lesicm. 

The  dose  recommended  is  from  one  to  three  small  cups  a  day,  and  the  seascm  is  from 
November  to  May. 

THB  SIBUL  or  HOBEAOABAT. 

Upon  crossing  the  Angat  or  Quingua  River  at  Norzagarav,  passing  through  the 
barrio  of  Matictic  and  traversing  a  fairly  good  road,  over  foothills  and  valleys  for  about 
2 J  miles  to  the  northeast,  one  arrives  at  the  banks  of  the  Mabato  Arrovo.  Here  the 
road  ends  abruptlv,  and  its  continuation  is  a  narrow  footpath,  that  toUows  up  the 
stream  bed  for  a  short  distance  and  then  makes  northeast  over  the  hills  to  tl^e  little 
mountain  village  of  Balite.  The  Mabato  rises  to  the  southeast  of  the  Bocol  limestone 
hills,  flows  past  the  southern  hill  of  this  range,  and  turning  southwest  empties  into  the 
Angat  River  at  Norzagaray. 

On  the  south  side  of  the  creek  about  300  feet  below  the  road  there  is  a  little  cup- 
shaped  basin  3  feet  in  diameter  and  3  feet  deep,  at  the  base  of  the  hill,  in  which  I  found 
in  April  some  mineral  water  almost  stagnant  from  the  small  volume  of  supply,  bluish 
in  color  when  clear,  with  a  heavy  black  muddy  sediment,  and  with  strong  odor  of  sul- 
phureted  hvdrogen.  This  was  called  by  the  Spanish  the  Dilain  spring.  About  350 
teet  above  this  spring,  just  beyond  the  terminus  of  the  road  and  on  the  north  side  of  the 
Mabato,  a  small  stream  of  clear  water  comes  through  a  fissure  in  the  limestone  of  which 
the  Bocol  hills  are  constituted,  dischaiges  into  a  basin  cut  in  the  rock,  the  outlet  of 
which  is  a  channel  a  few  feet  long.  Through  this  channel  the  waters  dischaxge  into 
the  Mabato  onljr  a  foot  or  two  below  the  level  of  the  spring.  This  is  the  spring  called 
by  the  commission  on  mineral  springs,  of  1885,  the  San  Mariano  spring,  in  an  attempt 
to  avoid  the  confusion  from  the  use  of  the  Tagalog  word  "  Sibul,  "which  means  "spring '' 
and  which  the  natives  use  for  both  these  waters,  near  Norzagaray,  and  for  those  near 
San  Miguel  de  Mayumo. 

When  I  visited  this  place  in  April,  1902, 1  found  no  buildings  of  any  kind,  although 
I  was  told  that  an  American  prospector  had  located  and  staked  out  this  spring,  con- 
structed a  small  nipa  house  in  the  vicinity  and  was  living  there.  I  found  the  rem- 
nants of  a  bathing  tank  of  rough  masonry  at  the  Dilain  spring  and  parts  of  a  tile  pipe 
line,  and  some  slight  masonry  arching  to  strengthen  the  opening,  at  the  San  Mariano. 
The  natives  said  that  ten  years  before  my  visit,  or  in  1892,  the  sitio  of  Sibul  consisted 
of  18  or  20  houses.  The  people  of  Angat,  who  sent  to  these  springs  for  the  waters,  were 
willing  to  pay  a  medio  peso  for  a  quart  bottle,  as  great  faith  has  been  entertained  for 
years  in  the  curative  powers  of  the  waters.  I  was  also  informed  that  the  Spanish  Gov- 
ernment some  years  ago  had  planned  rather  an  extensive  sanitarium  here,  but  that  for 
some  reason  or  another  it  had  not  been  constructed. 

My  brief  observations  would  surest  that  this  or  any  other  available  part  of  the  hill 
country  of  Bulacan  would  be  suitable  for  more  rapid  convalescence  than  might  be 
possible  in  Manila  or  in  the  lowlying  plains  and  fields  adjacent  to  the  bay. 

During  the  midst  of  the  hot  season  I  found  the  air  refreshing  and  comparatively  cool 
in  the  shade,  the  water  of  the  mountain  streams  clear  and  sweet  and  un contaminated, 
apparently  salubrious  and  healthful.  At  night  we  were  quite  comfortable  under 
blankets;  every  morning  cool,  bracing  mountain  breezes  blew,  and  out  of  the  direct 
rays  of  the  sun  the  air  was  refreshing  even  through  the  middle  of  the  day.  We  were  not 
annoyed  at  any  time  during  our  six  weeks  in  the  hill  country  by  mosquitoes.  It  would 
seem  that  should  the  waters  of  either  the  Sibul  of  Norzagaray  or  those  of  San  Miguel  be 
considered  as  valuable  by  the  American  physicians  and  government  as  they  were  held 
by  our  Spanish  predecessors,  sanitariums  might  be  established  at  or  near  these  places 
with  great  profit  to  the  convalescents.  The  baths  of  Bulacan  are  quite  readily  accessi- 
ble, the  one  near  Norzagaray  beinc;  particularly  so.  A  fair  carriage  road  exists  between 
the  railroad  station  of  Socaue  ana  the  town  of  Norzagaray,  and  the  remains  of  a  road 
that  should  be  readily  repaired  lead  to  the  Sibul.  The  river  can  be  forded  during  the 
dry  season,  and  the  entire  distance  from  Manila  to  the  Sibul  can  be  made  in  from  five 
to  six  hours. 

During  my  visit  in  April,  the  hottestpart  of  the  year,  the  Mabato  Creek  was  running 
and  the  San  Mariano  spring  flowing.  Tne  Dilain  spring,  on  the  other  hand,  was  almost 
without  flow,  the  outlet  from  the  basin  just  trickling  over  the  sands  to  the  creek. 
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THB  DILAIN  SPRIlICb 

The  waters  of  the  Dilain  spring  are  clear,  transparent,  and  colorless  in  small  quan- 
tities and  hluish  when  viewed  in  the  mass.  There  is  a  heavy,  hlack  sediment,  partly 
in  suspension,  which,  with  the  strong  odor  of  sulphureted  hydrogen,  and  the  bitter, 
salty,  sulphydric  taste,  render  the  spring  most  unattractive. 

The  water  is  slightly  acid  and  effervescent.  It  is  useful,  both  in  the  bath  and 
internally,  for  herpetic  affections,  scrofula  in  all  its  manifestations,  infirmities  of  the 
urinary  passages,  articular  tumors,  and  catarrhal  affections  of  the  matrix. 

THE  SAN  MARIANO  SPRING. 

This  spring  flows  throu^  a  crevice  in  the  semicrystalline  limestone  rock  on  the  north 
side  of  tne  Mabato,  within  6  feet  of  the  edge  of  the  water  in  the  dry  season,  and  the 
waters  collect  in  a  small  basin  in  the  rock  not  more  than  a  foot  above  the  level  of  the 
creek.  It  will  readily  be  seen,  therefore,  that  when  the  annual  rains  begin,  and  the 
waters  of  the  mountain  stream  rise,  the  spring  will  flow  into  the  creek  below  surface 
level,  and  its  identity  will  be  lost.  Through  two  other  small  fissures  of  the  limestone 
strata,  at  the  contact  with  the  water,  very  small  streams  flow  into  the  Mabato.  In  each 
of  the  cases  the  water  coming  through  the  rock,  upon  mixing  with  the  waters  of  the 
creek,  leaves  a  fine  white  precipitate.  This  calcareous  precipitate  is  also  found  in  less 
deere^  in  the  small  basin  from  which  the  waters  of  San  Mariano  find  their  outlet. 

A  careful  test  with  a  standard  thermometer  of  the  temperature  of  the  San  Mariano 
spring  gave  me,  on  April  1, 1902,  a  reading  of  77*  F.,  which  corresponds  to  25®  C.  The 
Spanish  commission  in  February  of  1885  found  a  temperature  of  26.5**  C.  with  the  at- 
mo^here  at  26®  C. 

Tne  San  Mariano  waters  are  clear,  transparent,  and  colorless  in  small  quantities,  and 
bluish  in  the  mass.  The  odor  and  taste  are  those  of  sulphureted  hydrogen,  the  reac- 
tion is  neutral,  and  the  water  is  noneffervescent. 

The  waters  are  recommended  in  the  bath  and  to  be  taken  internally  for  cases  of 
chronic  gastro-intestinal  catarrh,  dyspepsia,  tumors  of  the  liver,  in  menstrual  disorders, 
in  herpetic  manifestations,  and  in  aermatosis. 

The  season  for  the  use  of  the  San  Mariano  and  the  Dilain  springs  is  from  November 
to  May. 

rLORA  AND  rAUNA. 

A  careful  study  of  the  flora  and  fauna  of  these  islands  is  of  great  importance  in  the 
solution  of  our  geological  problems  here;  and  it  is  hoped  that  eventually  there  will  be 
some  department  of  the  insular  government  corresponding  to  the  Smithsonian  Institu- 
tion at  Washington.  No  exhaustive  research  has  as  yet  been  made  by  me  to  ascertain 
to  what  extent  work  has  been  done  in  these  fields  in  Bulacan.  During  our  short  tour, 
however,  I  interested  William  A.  Miller  in  gettine  what  information  he  could  concern- 
ing the  most  important  forest  trees  found  in  the  hills  in  the  neighborhood  of  the  iron 
deposits.  We  found  the  natives  rather  intelligent  upon  these  subjects  and  surprisingly 
interested  in  our  many  questions  about  them.  These  wild  people  are  nature's  chil- 
dren and  many  of  them  know  their  woods  and  streams  fairiy  weil. 

Much  credit  is  due  Mr.  Miller.  It  is  my  opinion  that  if  he  were  to  dedicate  himself 
to  the  work  of  a  collector  he  would  find  employment  for  which  he  is  particularly  fitted. 
We  could  give  but  odd  moments  during  our  tramps  to  the  gathering  of  information  of 
this  kind,  and  we  did  nothiuj^  in  botany  proper 

The  hills  of  Bulacan  are  rich  in  vaneties  and  numbers  of  birds,  some  of  which  are 
songsters.  We  recognized  the  Calao  bird  of  the  Tagalogs  (Buceros  hydrocorax),  a  large 
hombill  with  bright  plumaf^e  and  a  remarkably  red  bill  and  head  several  incnes  long, 
a  fruit  eater  and  highly  prized  by  the  natives  for  its  flesh;  the  jungle  bird  (Gallus 
gallxiB),  and  the  Poloma  de  pufialada  of  the  Spaniards  (Columba  cnientata),  a  beautiful 
dove  with  a  white  .breast,  in  the  midst  of  which  is  a  blood-red  spot  as  if  from  a  dagger 
thrust.  There  are  many  birds  that  fill  the  air  with  their  songs  and  cries,  and  among 
them  kingfishers  of  gorgeous  colors,  some  birds  that  I  thought  to  be  orioles,  and  along 
the  water  courses  herons,  snipe,  and  plover. 

Among  the  animals  was  the  Philippine  monkey  (Macacos  phUippinensis)  called 
**maching"  by  the  natives;  wild  boar  and  deer,  ana  wildcats;  and  there  is  a  very 
interesting  fruit  bat  of  ^eat  size,  one  that  I  killed  measuring  49  inches  between  tips 
of  extended  wings.  A  large  colony  of  these  fruit  bats  lived  in  the  trees  on  the  west 
side  of  the  Baras-bacal  Hills,  hangins;  in  such  numbers  that  the  trees  seemed  com- 
pletely draped  in  mourning.  These  bats  mounted  in  the  air  at  sunset  and  fiew  over 
our  camp  to  their  feeding  grounds.  They  seemed  arranged  in  one  long  column  to  the 
number  of  6,000  to  10^000  by  our  estimates.  The  natives  frequently  asked  us  to  kill 
them,  as  the  flesh  is  highly  prized.  These  bats  have  the  head,  of  a  fox  and  are  of  great 
size,  even  the  young  ones  just  able  to  fly  being  larger  than  our  house  bats. 
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An  interesting  group  of  insects  is  found  in  the  woods  and  fields  among  which  are  the 
lane  red  ants  whose  bite  is  very  painful,  and  who  make  themselves  nests  of  the  size 
ana  shape  of  a  football  by  bendine  together  the  living  leaves  of  the  tree  and  cementing 
them  at  the  edges;  and  a  spider  that  I  found  in  the  inner  recesses  of  the  Puning  Cave, 
whose  legs  numbered  seven:  those  nearest  the  head  measuring  5}  inches. 

Among  the  trees  observed  by  Mr.  Miller  in  the  fields  and  hills  of  eastern  Bulacan, 
of  which  brief  notes  were  made,  with  sketches  of  the  leaf  and  flower,  are  the  following: 


Tagalog  n&me. 


Acle 

Alibunbang. 

AnUao 

AnlnapU 

Antipolo 

Balete 

Bayabas.... 

Bayoo 

Blnayuyo... 
Calompang. . 
Catmon  2d. . 

Capang 

Hlmbalao  2d 

Lanete 

Lauan 

Lujong 

Mayapis 

Narra 

Panao-balao. 
Pandacaqul. 

Pandan 

Sampaloo... 

TanguUe 

Tampoy 


Scientific  name. 


Pitbecoloblum  acle 

Baahlnia  malabarica 

Columbia  anilao 

Albizzla  procera 

Artocarpus  indsa 

FIcufl 

Psidium  guyava 

Pterospermum  biumeanum . . 

Antideama  cumingii 

Steroulia  fcBtida 

Dillenia  philippineDsis 

Parkia  rozbarghii 

Ezooecaria 

Wrightia  ovata 

Anisoptera  thurifera 

Dlospy  ros 

Dipterocarpufl  turblnataa.. . 

Pterocarpufl  Indicus 

Dipterocarpus  vernicifluus. . 

Taoernieinontana 

Pandanufl  7 

Tamarindufl  Indica 

Dipterocarpufl  polyspermus. 
Eugenia  Jambos 


Group. 


Superior. 
3 
4 


Where  observed. 


Near  Bayabas  barrio. 
Foothills  and  mountains. 
Sampaloo  barrio. 
Bayabas  River. 
Bocol  Mountains. 
Bavabas  River. 
Mabato  Creek. 
Sampaloc  barrio. 
Bocol  Mountains. 

Do. 
Bayabas  River. 
Mount  Calabaza. 
Mount  Sampoloo. 
Mabato  Creek. 
Foothills  and  mountains. 
La  Mesa  barrio. 
Bayabas  River. 
Foothills  and  mountains. 
Mount  Calabaza. 
Mabato  Creek. 
Bayabas  River. 

Do. 
Mountains. 
Pangisijan  Creek. 


Our  notebook  containing  sketches  and  field  notes  concerning  the  above  trees  was 
referred  to  the  forestry  bureau  for  such  use  as  might  be  made  of  it.  I  am  indebted  to 
that  bureau  for  supplying  th*^  scientific  names  given  above. 

In  general  the  hills  and  mountains  of  eastern  Bulacan  are  heavily  wooded .  Clearings 
have  Deen  made  in  the  immediate  vicinity  of  the  little  barrios  and  in  the  foothills, 
but  the  higher  mountains  are  rich  with  closely  crowded  standing  timber,  as  may  be 
observed  in  photographs  accompanying  this  report. 


Bulacan  is  a  small  province,  but  a  very  rich  one;  and  the  well  irri^ted,  lowlying 
lands  yield  annually  large  quantities  of  rice;  sugar  cane,  com,  and  mdigo  are  also 
cultivated.  The  fine,  ripe  yellow  com  was  being  brought  into  Angat  during  the  first 
weeks  of  March,  and  much  of  it  that  I  saw  was  apparently  of  excellent  grade.  The  soil 
is  rich  and  fertile  and  would  seem  a  most  profitable  field  for  experiments  with  modem 
farming  methods.  Much  of  the  best  of  the  lowlands  at  present  is  owned  by  the  friars, 
but  with  the  success  of  the  negotiations  now  being  made  for  their  release  it  is  to  be 
hoped  that  many  broad  acres  will  soon  be  freed  for  a  really  valuable  test  of  what  can 
be  done  with  the  productive  lands  of  the  Philippines. 

Bulacan  is  under  a  most  successful  civil  government,  ably  conducted  by  Sefior 
Pablo  Tecson  and  his  associates.  Governor  Tecson  was  the  best  leader  in  the  province 
during  the  insurrection,  and  he  won  the  highest  reputation  for  honor  and  military 
ability.  He  eventually  became  convinced  oi  the  futility  and  the  mistake  of  resist- 
ance, and  he  surrendered  a  large  and  well-equipped  ana  disciplined  body  of  troops. 
He  is  greatly  loved  by  his  people,  and  I  was  told  by  several  of  them  that  his  attitude 
has  had  much  to  do  with  the  present  peaceful  and  gratifying  condition  in  Bulacan. 

The  capital  of  the  province  is  at  Malolos,  and  the  largest  towns,  with  their  approxi- 
mate populations,  are  as  follows: 

Angat 8,000  Malolos 15,000 

Bafiaug 14,000  Norzagaray 5,000 

Bocaue 10,000  Paombong 10,000 

Bulacan 13,000  Pulilan 10,000 

Calumpit 15, 000  San  Miguel  de  Mayumo 20, 000 

Hagonoy 20,000  Santa  Maria  dePandi 10,000 

The  total  population  before  the  insurrection  was  about  240,000,  and  the  total  area  is 
estimated  at  aoout  226,806  hectares,  or  about  560,438  acres. 

The  industries  followed  are  extensive  cultivation  of  the  soil,  fishing  (not  only  in  the 
bay  and  in  the  rivers  and  their  outlets,  but  also  in  every  stream,  including  those  of  the 
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moiintainft),  the  manufacture  of  hats,  pifla  and  jusi  cloth,  and  to  a  very  limited  extent 
the  cutting  of  timber  and  the  mining  and  smelting  of  ore.  The  people  are  apparently 
feiirly  ffiven  to  their  respective  labors,  and,  in  general,  good  order  and  industry  reign 
tiirougnout.  Prosperity  has  not  yet  returned  to  the  province,  and  a  large  proportion 
of  the  people  are  miserably  poor.  It  is  hoped ,  however,  that  with  the  naturafresources, 
with  contmued  and  increased  industry,  with  the  possible  influx  of  better  and  more 
economical  methods,  and  with  the  present  excellent  government,  good  order,  and 
peaceful  conditions,  this  province,  so  fovored  by  nature  and  man,  may  soon  find  itself 
bleeeed  not  only  with  peace  but  also  with  prosperity. 

GEOLOOICAL. 

The  delimitation  of  the  geological  boundary  lines  in  the  province  of  Bulacan  has  not 
yet  been  accomplished,  for  the  reasons  that,  up  to  the  present  time,  very  little  purely 
geological  work  nas  been  done  in  this  province;  and  the  greater  part  of  the  fra^entary 
evidence  at  hand  relating  to  this  area  has  been  obtained  in  connection  with  objects 
other  than  the  particular  study  of  Bulacan. 

The  very  small  amount  of  material  bearing  on  this  subject  and  available  for  review 
has  been  translated  by  me  from  various  pampnlets,  mono^phs,  and  records  in  Spanish 
forming  part  of  the  archives  of  this  bureau.  These  included  papers  and  reports  by 
Centeno  and  Abella,  who  were  eminent  en^gineers  and  geologists  of  the  Inspecci6n 
General  de  Minas,  and  extracts  from  the  writings  of  the  foreign  travelers  and  explorers, 
Itier,  Semper,  and  Dr.  Richard  von  Drasche. 

In  his  interesting  monograph  upon  the  Taal  Volcano,  published  in  Madrid  in  1885, 
Seflor  3ob6  Centeno,  inspector-general  of  mines  for  the  Philippines,  has  the  following 
to  say  under  the  section  "Prehistoric  Eruptions:" 

"The  narrow  limits  within  which  b  comprehended  the  history  of  this  country,  not 
exceeding  three  hundred  and  fifty  years,  do  not  permit  an  account  being  given  of  the 
great  vicissitudes  and  metamorphoses  which  this  region  has  undoubtedly  suffered,  if 
we  take  into  consideration  the  special  circumstances  which  concur  in  it.  First,  on 
account  of  its  situation  submerged  in  the  midst  of  a  deep  lake  so  near  the  sea  and  only 
separated  from  it  by  a  narrow  border  of  land  composed  exclusively  of  volcanic  products; 
secondly,  because  of  the  great  area  covered  by  these  products,  which  appears  to  begin 
from  this  volcano  as  a  center  and  to  extend  south  to  the  sea  and  north  as  far  as  the  town 
of  San  Ildefonso  in  northeastern  Bulacan,  distant  115  meters  (71.5  mUes),  constituting 
a  small  isthmus  which  separates  the  Bay  of  Manila  from  Laguna  de  Bay;  so  that  the 
volcanic  tuffs  thus  constitute  without  interruption  the  soil  of  a  great  part  of  the  area 
occupied  by  Bulacan,  Cavite,  Laguna,  and  Batangas  provinces.  This  great  area, 
covered  witn  volcanic  products  probably  thrown  out  from  Taal,  reveals  a  prodigious 
activity  in  remote  epochs,  historically  speaking,  since  no  tradition  concerning  it  was 
known  by  the  inhaoitants  when  they  were  first  conquered;  but  in  modem  times, 
geologically  considered,  since  these  tuffs  lie  above  the  latest  Tertiary  formations 
appearing  in  various  points  in  northeastern  Bulacan  and  made  up  for  the  most  part  of 
conJliferous  limestones  which  serve  as  the  separation  of  the  two  formations — ^the 
volcanic  of  the  plains  and  the  crystalline  of  the  cordillera. 

"These  immense  deposits  of  volcanic  tuff  *  *  *  attain  considerable  thickness 
in  some  places,  forming  superimposed  beds  of  analogous  elements,  but  of  distinct 
structure,  which  indicate  by  their  relative  thickness  and  by  the  disposition  and  form 
of  their  components  the  importance  and  the  nature  of  the  successive  eruptions  of 
ashes,  pumice,  and  volcanic  detritus  which  in  general  constitute  them.  We  have  seen 
the  tuff  amount  to  a  depth  of  31  meters  (102  feet)  in  some  of  the  excavations  recently 
made  for  the  waterworks  of  Manila,  the  various  beds  beine  separated  by  other  thinner 
layers  of  fine-^ined  sandstones,  which  were  undoubtedly  formed  by  aqueous  sedi- 
mentation during  the  intervals  of  repose  of  the  volcano.  The  considerable  extent  of 
said  tufaceous  formation,  as  also  the  notable  thickness  found  in  some  places,  make  one  - 
suspect,  with  reason,  the  more  or  less  remote  existence  of  a  great  volcanic  focus,  of 
which  perhaps  the  islet,  partly  submeiged,  which  tp-day  constitutes  Taal,  would  be 
some  slight  remains.  This  hypothesis  has  been  alreeuly  proposed  by  Padre  Martinez 
de  Zufiiga,  who  explained  the  existence  of  the  deep  lake  of  Bombon  by  the  submersion 
of  a  great  volcanic  mountain;  and  F.  von  Hochstetter,  according  to  von  Drasche, 
adheres  to  the  opinion  of  Pardre  Zufiiga,  putting  it  more  concretely  in  the  following 
paragraph: 

"  'This  crater,  although  it  is  elevated  noWy  is  not  higher  than  the  base  which  remains 
of  a  volcanic  cone  long  since  submerged,  which  must  have  had  an  altitude  of  from  8,000 
to  9,000  feet  and  must  have  been  the  highest  in  Luzon,  the  lAke  of  Bombon  and  the 
present  cone  of  eruption  having  been  formed  after  the  sinking  of  the  first.* 

"The  Padre  Buceta  adopts,  also,  in  his  Geographic  Dictionary,  the  hypothesis  of 
Padre  Zufiiga,  giving  it,  we  know  not  with  what  authority,  a  certain  character  of  being 
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hiBtoiic  in  the  following  paragraph,  which,  with  the  idea  of  deBcribing  the  different 
eruptions  of  Mayon  in  AlDay  and  of  establishing  comparisons  with  Taal,  asks: 

*^*  Would  it  be  wondered  at  if  the  vicinity  of  this  volcano  (Mayon)  should  come  to  be 
reduced  to  a  lake,  as  happened  with  the  other  in  the  province  of  Batangas,  the  mountain 
beii^  submerged  without  leaving  above  the  waters  more  than  a  volcanic  island? ' 

'*  finally,  the  illustrious  geologist,  von  Drasche,  whose  excellent  treatise  upon  Luzon 
we  have  frequently  cited,  without  daring  to  adopt  absolutely  this  hypothesis,  expresses 
himself,  nevertheless,  as  follows: 

"*I  have  never  succeeded  in  finding  out  if  so  great  an  event  (the  sinking  of  the  old 
volcano)  has  taken  place  in  an  epoch  in  which  the  Philippines  were  inhabited;  but  I 
have  as  security  that  the  porous  tuffs  which  are  found  in  ail  parts  (in  the  region  of  cen- 
tral Luzon)  correspond  to  eruptions  of  this  old  volcano,  it  being  possible  that  some  dav 
there  will  be  discovered  data  among  them,  partly  by  paleontological,  partly  historical, 
which  will  solve  the  question.* 

"  After  such  authoritative  opinions,  with  those  which  essentially  confirm  the  hypoth- 
esis, we  can  add  but  little  upon  this  point.  We  shall  present  some  additional  observa- 
tions, nevertheless,  which,  being  pertinent,  tend  to  support  the  hypothesis. 

"The  situation  of  the  Laguna  de  Bombon,  separated  from  the  Bay  of  Balayan  by  a 
narrow  stretch  of  volcanic  tuff  of  slight  elevation  above  the  level  of  the  sea  ana  of  mod- 
em formation,  indicates,  therefore,  that  before  the  last  eruptions  of  the  volcano  formed 
this  dike  the  waters  of  the  said  bay  penetrated  as  far  as  the  site  occupied  to-day  by  the 
lake;  and  that  here  lies  the  rational  and  logical  explanation  of  the  marine  fishes  (note  1) 
left  in  it  and  of  the  plants  of  the  seashore.  *  ♦  *  Therefore,  if  accoimt  is  taken  of 
the  small  present  focus,  with  the  insignificant  altitude  and  the  historical  eruptions  of 
which  we  know,  and  if  we  can  not  find  a  sufficient  explanation  of  the  existence  of  such 
extensive  and  deep  volcanic  formations  as  we  have  cited,  it  is  natural  to  suppose,  as 
Hochstetter  did,  that  another  volcanic  cone  existed  of  greater  dimensions,  because  its 
eruptions  and  showers  of  ashes  and  cinders  reaching  greater  altitudes  could  have  been 
impelled  by  the  winds  and  have  fallen  over  a  ^eater  extent  in  the  neighborhood  of  the 
focus.  It  is  not  possible  to  fix  now,  in  a  defimte  manner,  the  altitude  of  this  cone,  nor 
to  assert  that  it  was  the  highest  in  Luzon;  but  its  situation  can  be  fixed,  perhaps,  if  the 
form  and  contour  of  the  mountains  now  about  the  volcano  be  taken  into  account.  It  is 
an  observed  fact  that  Mount  Macolod,  966  meters  (3,168  feet)  high,  slopes  toward  the 
lake  so  rapidly  that  it  appears  to  indicate  great  separation,  disengagement,  and  slipping 
of  the  rocks  which  constitute  it;  and  further,  that  the  opposite  slopes,  toward  the  great 
mesa  of  volcanic  tuff,  at  300  meters  (984  feet)  above  sea  level,  are  less  abrupt,  and  it  is 
only  near  the  summit  that  indications  of  slipping  are  seen.  All  the  great  mesa  which 
extends  from  one  side  or  the  other  of  Mount  Macolod  terminates  similarly  at  the  lake  in 
an  abrupt  manner,  presenting  steep  and  almost  inaccessible  slopes,  indicating  here  also 
the  probability  of  slipping  or  abrupt  submergence  like  those  of  the  western  slopes  of 
Macolod. 

"If  we  observe  the  opposite  part  of  the  lake  we  shall  see  that  the  cordillera  called 
*  Tagay-tay,'  which  is  limited  to  the  north  and  terminated  toward  the  east  by  Mount 
Sungay,  has  also  its  southern  slopes  of  rapid  fall,  and  at  some  places  in  the  border  of  the 
lake  appear  great  escarpments  of  20  meters  (66  feet)  and  more  of  altitude,  that  are 
almost  vertical,  as  at  Mahabangato,  in  Banga,  and  at  Balitbiring,  in  Caloocan,  in 
which  the  horizontal  strata  are  very  clearly  seen,  indicating  also  that  said  escarpements 
have  been  formed  by  the  sinking  of  a  part  of  this  formation  whose  surface  of  slipping  or 
fracture  is  the  same  escarpment;  further,  that  on  the  northern  slopes,  which  lorm  the 
territory  of  the  province  of  Cavite,  the  ground  falls  smoothly  and  without  noticeable 
break  from  500  or  600  meters  (1,640  or  1,968  feet)  of  altitude,  which  the  cordillera 
attains,  to  the  level  of  the  Bay  at  Manila.  If  we  imagine  a  section  passing  through 
Mount  Macolod  and  the  present  crater,  reaching  to  Manila  Bay,  crossing  the  Tacay-tay 
Cordillera,  we  shall  see  graphically  represented  the  above  observations;  and,  following 
this  hypothesis,  if  we  prolong  the  Imes  which  can  be  considered  as  remnants  of  the  slope, 
we  may  hazard  a  restoration  of  the  ancient  volcano.  *  ♦  *  There  would  result  in 
this  manner  a  volcano  of  great  dimensions,  whose  circumference  at  the  base  would 
measure  not  less  than  from  90  to  100  kilometers  (56  to  62  miles,  somewhat  less  than  that 
of  Etna),  and  whose  altitude,  on  the  supposition  that  there  were  no  great  irregularities  in 
the  inclinations  of  the  slopes,  could  beplaced  at  some  3,750  meters  (12,300  feet).    It  is  not 

Eretended,  even  remotely,  that  such  figures  would  be  even  approximate,  but  it  can  not 
e  doubted  that  the  supposed  volcano  must  have  had  very  great  dimensions  if  we  take 
into  consideration  the  great  extent  and  notable  thickness  of  the  formations  of  tuff 
which  have  been  ejected  from  its  interior. 

"  If  we  suppose  an  avers^e  thickness  of  15  meters  (49  feet)  for  this  formation  of  surface 
without  counting  the  part  at  the  present  time  submerged  in  Manila  Bay  and  the  Min- 
doro  Sea,  is  approximately  2,800  square  kilometers  (1,081  square  miles),  there  would 
result  a  volume  of  material  ejected  by  this  volcano  of  42  cuoic  kilometers  (10  cubic 
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milee),  besidee  that  corresponding  to  the  unknown  marine  part,  and  the  great  quantity 
of  aflhes  and  cinders,  in  an  extreme  state  of  division,  which  could  have  been  carried  by 
the  wind  to  great  distances  without  giving  place  to  true  beds  of  sediment.  All  of  these 
added  volumes  would  i>roduce  consequent  voids  in  the  interior  under  this  great  cone, 
and  the  natural  depression  or  submergence  of  a  great  part  of  it  in  one  or  many  epochs, 
more  or  less  apart. 

"It  should  not  be  surprising  that  such  great  quantities  of  material  should  come  from 
the  interior  of  the  supposed  volcano  if  we  take  into  account  that  the  volume  of  such  a 
cone,  supposing  it  to  oe  solid  in  the  interior,  and  with  a  base  corresponding  to  the 
diameter  of  the  present  lake — ^that  is,  about  20  kilometers  (12.4  miles) — ^would  be 

Ar2x}h=3.14159Xl02xl.250=392.7  cubic  kilometer8=93.5  cubic  miles. 

which  figures  give  easily  the  42  cubic  kilometers  (10  cubic  miles)  of  the  visible  for- 
mation and  such  others  as  may  be  submarine,  sufficient  of  it  remaining  for  the  conical 
crust  which  the  volcano  would  form  before  submergence. 

•'  It  would  be  interesting  to  mark  the  limits  with  more  or  less  exactitude  of  the  epoch 
of  such  prodigious  activity  of  this  volcano;  and  to  that  effect,  from  the  moment  when 
they  be^an  the  extensive  excavations  it  was  necessary  to  make  in  the  volcanic  tuff  for 
the  Manda  aqueduct,  I  b^ged  my  dear  friend,  Sefior  D.  Genaro  Palacios,  the  engineer 
in  charge  of  tnoee  works,  that  he  might  give  orders  to  his  overseers  to  collect  with  great- 
est care  all  animal  fossils  which  might  be  encountered,  and  I  myself  have  frequently 
inspected  the  sections  scrupulouslv,  but  unfortunately  up  to  the  present  no  animal 
remains  have  been  encountered.  On  the  other  hand,  there  abound  notable  vegetable 
fossils,  tree  trunks  more  or  less  perfectly  silicified,  and  clearest  impressions  of  leaves 
and  branches,  those  which  we  have  been  able  to  determine  up  to  the  present  belonging 
to  the  present  flora  (note  2)j  but  I  have  been  unable  to  find  in  any  of  these  any  vestige 
of  the  nand  of  man,  either  m  the  felling  of  the  trees  or  in  artificial  forms.  Perhaps 
more  assiduous  and  continued  investkations  can  result  in  discoveries  of  this  kind 
which  will  reveal  to  some  extent  the  character  of  the  life  of  this  region;  in  the  mean- 
time, with  the  data  collected  up  to  the  present  (1885),  there  is  reason  to  suppose  that 
during  the  long  period  of  formation  of  this  volcanic  tufa  the  country  was  almost 
deserted,  or  at  least  that  those  who  peopled  it  were  of  such  a  nature  that  no  remains 
of  them  have  been  preserved  in  the  beds  of  ashes  and  cinders  which  enveloped  them. 

**NoTE  1. — There  still  remain  sharks,  according  to  the  natives  of  the  locality,  which 
do  not  leave  these  waters. 

**  Note  2. — I  possess  silicified  samples  of  trunks  of  Streblus  caper,  Louvina  ( Calius  of 
Blanco),  leaves  of  Psidium  guyava,  and  the  impression  of  a  piece  of  Cambu,  gifts  from 
Fr.  Celestino  Fernandez." 

Thus  we  have  presented  what  I  shall  call  the  Zufiiga  theory  of  the  Taal  Volcano, 
and  this  matter  is  of  interest  to  us  here  because,  whether  or  not  it  explains  the  early 
history  of  Taal,  the  extensive  deposits  of  volcanic  tuff  in  Batangas,  Cavite,  Rizal,  and 
Bulacan  are,  at  least  partly,  thus  accounted  for. 

My  own  notes  and  observations  in  these  provinces  tend  to  the  belief  that  Taal  was 
unquestionably  at  a  prehistoric  period  very  high  and  of  tremendous  activity;  that  it 
stood  partly  surrounded,  if  not  wnolly,.by  a  stretch  of  the  sea  extending  from  the  Gulf 
of  Batangas  to  the  Lingayen  Gulf;  that  during  its  activity  large  quantities  of  volcanic 
ejecta  feu  into  this  inland  sea  forming  the  more  or  less  stratified  deposits  of  tuff  now 
furnishing  much  of  the  rich  soils  of  the  provinces  of  Batangas,  Laguna,  Cavite,  Rizal, 
and  Bulacan;  that  an  explosion,  or  a  series  of  them,  blew  out  the  entire  upper  cone 
leaving  the  rim  of  the  present  boundaries  of  the  Lake  of  Taal,  and  that  subsequently 
minor  cones  were  formed  and  this  region  was  gradually  raised  to  its  present  level. 

A  number  of  i)oints  of  similarity  between  the  volcano  of  Taal  and  that  constituting 
Barren  Island  in  the  Indian  Ocean  present  themselves,  and  it  does  not  seem  at  ali 
unlikely  that  these  two  exceptionally  low  volcanoes  that  are  now  but  most  unsightly 
remnants  of  their  former  cones  may  have  p>assed  through  similar  mighty  cataclysms 
to  result  in  their  present  similar  forms. 

The  Taal  Volcano  will  form  the  subject  of  a  later  report,  in  which  all  information 
attainable  will  be  presented  revised  and  with  photographs. 

In  connection  with  the  three  fossils  mentioned  in  note  2  above  I  would  state  here 
that  I  find  two  of  the  trees  (Sirebltts  caper  and  Psidium  guyava)  in  the  lists  of  trees  that 
may  be  felled  under  r^^lations  of  the  Forestry  Bureau,  and  one  of  them  (Psidium 
guyava)  is  on  the  list  ofthose  1  observed  standing  in  Bulacan.  They  are  decidedly 
modem. 

The  above  extensive  quotation  also  illustrates  the  fact  that  we  must  sometimes  go 
far  afield  for  geolo^cal  data  by  which  to  arrive  at  conclusions  concerning  a  fixed  area. 
The  Taal  Volcano  is  in  south  central  Batangas;  the  tuff  deposits  of  Bulacan  are  in  the 
south  central  portion  of  that  province,  lying  between  an  alluvial  belt  of  most  modem 
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period,  geologicallv,  which  forms  the  flood  plain  of  the  Rio  Grande  de 
including  the  Canoaba  swamp,  and  which  borders  the  bay  shore  of  Bulacan,  and  the 
sedimentary  deposits  of  limestones  and  shells  mentioned  above  of  late  Tertiary  or 
Quaternary  age,  which  rests  upon  the  core  of  the  foothills  and  of  the  cordillera,  and 
which  extend  partly  into  the  plain.  The  northern  limit  of  this  tu^  deposit  is  at  San 
Ddefonso  and  tne  eastern  limit  curves  from  a  point  about  halfway  between  San  Ra£ael 
and  Angat  southeast  to  San  Jose  del  Monte,  and  from  thence  beyond  the  province  in 
the  direction  of  the  island  of  Talim  in  the  Laguna  de  Bay. 

The  data  for  the  final  age  determination  of  these  areas  is  not  yet  at  hand,  and  much 
remains  to  be  done,  not  only  in  Bulacan,  but  in  the  entire  r^on  of  central  Luzon, 
before  the  geological  map  is  possible. 

The  plain  of  central  Luzon  1  believe  to  have  been  very  recently  a  shallow  sea.  Upon 
this  point  and  also  in  connection  with  the  tuff  deposit  of  Bulacan,  we  have  the  fol- 
lowing bv  von  Drasche,  from  his  **  Data  for  a  Geological  Study  of  the  Island  of  Luzon,'* 
a  copy  of  which,  in  Spanish  and  corrected  by  Abella,  is  in  this  Bureau: 

"From  the  geolog[ical  data  which  are  available  to-day  of  the  sierra  (Zambales),  it  is 
difficult  to  distinguish  the  point  origin  of  the  great  eruptions  producing  the  material 
which,  transport^  by  water,  have  formed  the  extensive  beds  of  trachytic  tuffs;  no 
doubt  in  the  least  remains,  however,  that  those  which  cover  the  Pampangan  plain 
took  their  origin  in  a  shallow  sea;  and,  although  I  have  been  unable  to  encounter  any 
fossil  remains  in  these  beds  in  spite  of  my  most  careful  investigations,  these  remains 
have  nevertheless  been  seen  at  various  points. 

"Itier,  for  example,  mentions  them  m  hb  *  Fragments  from  a  Diary  of  a  Voyage  to 
the  Philippines,'  and  in  speaking  of  the  numerous  masses  of  pebbles  in  the  Angat 
River  says: 

'"It  is  evident  that  the  deposit  of  loose  lacustrine  rocks  is,  as  has  been  said  above, 
anterior  to  the  appearance  of  the  present  volcanic  phenomena;  and  to  the  disturbance 
produced  by  these  last  it  is  doubtless  due  that  the  waters  of  the  lake  ran  to  the  sea, 
conveying  a  part  of  the  accumulated  pebbles  of  the  lake  bed,  and  furnishing  materials 
which  upon  being  mixed  with  volcanic  remains,  constituted  the  surface  of  the  vast 
plain  of  Bulacan,  whose  subsoil,  composed  exclusively  of  volcanic  tuff,  had  been 
formed  in  the  basin  of  a  sea  which  became  filled  ^  thus  explaining  the  presence  of 
numerous  marine  shells  existing  in  a  fossil  state  in  the  peperino  of  the  subsoil  of 
Bulacan.' 

*' Semper  also  speaks  of  this  in  his  sketches,  saying,  'in  the  central  plain  of  Luzon, 
which  in  its  highest  point  is  somewhat  less  than  150  leet  above  sea  level,  according  to 
the  observations  of  Father  Llanos,  there  is  found  in  many  places  below  the  thin 
stratum  of  clay,  a  marine  sediment;  and  in  some  places,  in  tne  province  of  Pang^- 
sinan,  to  the  north  of  Angat,  there  are  seen  lakes  of  salt  water  in  which  should  still 
live  moUusks,  the  same  as  in  the  salt  or  fresh  rivere  of  the  same  province.' " 

It  seems  more  than  probable  that  these  theories,  and  the  fragmentary  evidence, 
though  I  have  been  unable  as  yet  to  find  final  confirmation  of  its  value,  will  even- 
tually lead  to  the  establishment  of  some  such  geological  scheme  as  thesfollowing: 

First.  At  the  end  of  the  Tertiary  the  plain  of  Bulacan  was  submerged  and  formed 
either  an  extensive  salt  lake,  a  shallow  sea,  or  an  open  channel;  the  ^unbales  Range 
to  the  west  rising  from  the  waters  as  an  elongated  island  extending  from  Cape  Bolinao 
to  Mount  Mariveles;  Mount  Arayat  standing  a  solitary  volcanic  islet  in  the  midst  of 
this  sea;  and  the  cordillera  and  the  higher  foothills  now  forming  the  eastern  part  of 
Bulacan,  separating  this  sea  from  the  racific  and  forming  part  of  the  Luzon  of  late 
Tertiary  times. 

Second.  In  the  clear  waters  of  this  sea  corals  were  living  and  building  the  coral 
reefs,  some  of  which  are  now  found  in  the  form  of  the  range  of  limestone  hills  running 
parallel  to  the  cordillera,  to  the  west  of  the  main  range,  and  extending  from  the  south- 
em  part  of  the  province  through  the  Bocol  and  Baras-bacal  Hills,  Mount  Tucod,  Biac- 
na-bato,  the  range  at  Sibul  de  San  Miguel  de  Mayumo,  and.  beyond  the  province  in 
similar  manner  to  the  north. 

These  corals  died  from  the  muddiness  produced  by  river  or  volcanic  sediment,  or 
from  the  disappearance  of  the  sea  by  the  elevation  of  the  land. 

Third.  During  this  period  the  volcano  of  Taal  was  very  much  higher  than  it  is  at 
present  and  thb,  and  probably  other  volcanoes,  were  very  active,  ejecting  volumes 
of  cinders  and  ashes  that  fell  into  the  iidand  sea,  and  were  transported  and  deposited 
in  the  form  of  peperino,  or  volcanic  sand,  covering  parts  of  the  present  provinces  of 
Bulacan,  Cavite,  Laguna,  and  Batangas.  During  the  intervals  of  repose  the  thin 
beds  of  sand  and  clay  were  deposited  which  to-day  mark  the  distinct  layers  of  tuff  in 
some  places. 

Fourth.  In  the  Pliocene  or  Quaternary  there  were  violent  volcanic  disturbances 
that  resulted  in  the  submergence  or  explosion  of  Taal,  the  flexure  and  folding  of  the 
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strata  flankiD^;  the  Cordillera,  contemporaneously  with  the  flow  of  the  modem  ande- 
sites  and  trachytes. 

Fifth.  The  elevation  of  the  plain  beginning  probably  in  the  Pliocene,  with  the 
exception  of  the  extensive  Canaaba  swamp  whicn  is  still  but  little  above  sea  level. 

The  evidence,  such  as  I  have  been  able  to  gather  in  the  field  and  from  the  records, 
points  to  some  such  sequence  as  that  given  above. 

As  for  the  Eocene,  or  earliest  Tertiary,  I  was  able  to  find  no  sien  of  it^  as  indicated 
by  fossils,  during  my  field  work;  and  nothing  has  yet  been  found  oy  me  in  connection 
with  this  epoch  m  liulacan  in  any  writing  I  have  seen.  The  nummulitic  limestone  of 
Cebu  and  of  Binangonan  (the  latter  in  Rizal  Province  just  south  of  Bulacan)  has 
been  the  criterion  for  this  epoch  in  the  Philippine  eeolc^y.  But,  although  I  searched 
dUigently  for  the  nummulites  in  the  limestones,  I  found  no  siens  of  them  at  any  time. 
The  few  very  imperfect  fossils  I  observed  in  the  limestone  of  the  tilted  strata  in  the 
Bayabas  River,  just  above  the  Santa  Margarita  spring,  were  unrecognizable  beyond 
the  fact  that  from  their  form  they  could  never  have  been  nummulites.  On  the  other 
hand,  I  found  a  fossil  coral,  not  vet  determined,  in  the  limestone  rock  on  Mount  Balite, 
near  La  Mesa;  Itier  and  Abella  and  Centeno  mention  the  madrepore  corals  in  the 
limestones. 

In  connection  with  the  above  I  quote  from  the  paper  by  von  Drasche,  previously 
referred  to,  again: 

'*We  should  then  distinguish  in  Luzon,  up  to  the  present  time,  two  separate  lime- 
stone formations: 

'*  First,  the  Eocene,  rarely  found,  in  small  isolated  beds. 

"Second,  the  modem  coralliferous  limestones,  of  great  extent,  from  the  north  to 
the  south  of  the  island. 

"Retuming  then  to  the  consideration  of  the  terrain  of  the  San  Mateo  River,  as  the 
pebbles  are  in  greater  part  of  syenite,  diorite,  etc.,  and  as  there  are  but  few  of  trachyte. 
It  can  be  deduced  that  the  moimtain  of  San  Mateo  with  some  exceptions  of  signs  of 
trachyte  is  composed  of  the  older  rocks,  similar  to  those  of  the  Zambales  Sierra,  a  fact 
confirmed  by  the  observations  of  Itier  and  Jacor. 

"The  former  says:  *  In  Angat,  at  the  foot  of  the  promontory  of  the  cordillera  of  Luzon, 
there  exists  no  sign  of  the  volcanic  products  and  the  pebbles  which  the  river  carries 
are  of  diorite,  syenite,  espiUta  (?),  epidote,and  porphyry. '  Afterwards  he  adds:  *  There 
is  magnetic  iron  near  Angat,  and  limestones  lying  in  vertical  beds  and  containing 
Madrepores,  Ostreas,  and  Echnoids, ' " 

In  the  "Descriptive  Memorial  of  the  Mineral-Medicinal  Springs  of  the  Island  of 
Luzon"  of  1885,  by  tllte  commission  of  which  Centeno  was  the  chief,  he  says,  concem- 
ing  the  San  Rafael  spring  of  San  Miguel  de  Mavumo:  "Great  beds  of  clay  and  alluvial 
detritus  form  the  sou  in  which  appear  the  madrepore  limestone  which  constitutes  the 
geological  formation  of  the  hills  of  Sibul;"  and  m  connection  with  the  San  Mariano 
spring  of  Norzagaray,  he  adds:  "The  greater  part  of  the  soil  comprehended  between  the 
barrio  of  Mat ic tic  and  the  sprines  is  formed  of  alluvium,  through  which  appears  in 
places  crests  of  metamorphic  rocK.  Upon  reaching  the  Mabato  Creek  very  nard  and 
compact  limestones  are  seen  in  which  are  distinguished,  with  some  confusion,  madre- 
poric  remains,  being  precisely  in  this  rock,  anflogous  to  that  which  constitutes  the 
Sibul  (San  Miguel)  Huls,  that  the  appearance  is  noted  of  the  mineral  sprine,  upon  the 
right  bank  of  the  creek  and  similar  to  that  of  San  Rafael.  Across  the  creek,  and  at  a 
kuometer  (3,674  feet)  approximately  from  the  right  bank  lies  a  limestone  range,  run- 
ning in  this  TQgion  from  southeast  to  northwest,  and  which,  without  any  doubt,  is  the 
prolongation  of  the  Sibul  range." 

I  found  these  limestones  mentioned  above  at  various  points  along  a  line  approxi- 
mately parallel  with  the  western  flank  of  the  range.  They  lie  above  sandstones  and 
shales,  as  observed  on  the  exposures  of  the  Bayabas  River.  This  formation,  shown 
in  accompanying  photographs,  dips  26°  S.,  61®  W. 

The  layers  of  limestone  are  from  2  to  4  feet  thick,  are  regularly  jointed,  and  the 
joints  show  the  effects  of  erosion  to  a  very  marked  degree.  Among  the  thin  beds  is  a 
light  cream-colored  argillaceous  limestone,  which  shows  indications  only  of  imperfect 
fossils.  This  exposure  is  found  on  the  south  bank  of  the  river,  just  above  the  Santa 
Margarita  sprinj^,  and  is  almost  a  right  section  of  a  portion  of  the  Bocol-Barasbacal 
HiUs  cut  here  by  the  river.  Heavy  vegetation  covers  most  of  the  rock,  and  imme- 
diately west  of  the  tilted  strata  lies  the  massive  limestone  which  is  most  commonly 
found  alone  this  limestone  line  running  through  the  province.  The  juncture  of  this 
with  the  thinner  beds  I  could  not  satisfactorily  locate  on  account  of  the  vegetation 
and  forest  growth,  but  there  is  every  reason  at  present  to  believe  the  beds  conformable. 

The  sandstones  and  shales  lie  beneath  the  limestones  and  cutting  these,  and  with 
them  in  many  places  lie  the  modem  volcanic  rocks,  andesites,  and  trachytes. 
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Along  the  line  of  juncture  of  the  limeetones  with  the  volcanics  I  found  the  mineral 
springs  of  Bulacan.  These  may  be  grouped  under  the  heads,  those  of  Norzagaray 
and  those  of  San  Miguel  de  Mayumo. 

In  his  introduction  to  the  "  Descriptive  Study  of  some  Mineral  Springs  of  the  Philip- 
pines'' Abella  writes: 

"In  the  central  plain  of  Luzon,  notwithstanding  its  rather  limited  area,  the  mineral 
springs  are  only  found  at  the  foot  of  the  Cordilleras  which  limit  it,  or  in  the  neighbor- 
hoods of  the  volcanic  focii  which  rise  in  its  center,  and  they  constitute  two  independent 
and  well-defined  groups,  the  eastern  related  to  the  cordillera  which  here  is  the  divide 
from  the  Pacific  sind  tne  western  to  the  2^mbales  range. 

"The  eastern  group  sometimes  outcrops  from  the  heart  of  the  early  diorites  and 
diabases  within  the  cordillera,  and  sometimes  from  the  poet-Tertiary  beds  which  lie 
upon,  and  are  elevated  by,  the  trachytes  and  andesites. 

"It  is  believed  that  these  modem  rocks  of  a  volcanic  character,  upon  lifting  the 
strata  of  the  poet-Tertiary  formation  and  crossing  them  in  many  places,  nave  produced 
in  them  foldmgs,  faults,  and  other  geological  displacements  which  have  been  able  to 
facilitate  the  hydrothermal  mineral  emissions  ana  those  of  the  gases  which  occasionally 
accompany  them;  so  that  certamly  an  a  priori  argument  can  be  announced  that  the 
mineral  springs  thus  originated  should  beioimd  in  lines  approximately  parallel  to  the 
directions  of  the  anticlinal  and  synclinal  axes  of  these  beds  and  to  the  trend  of  the 
cordillera  upon  which  they  lie.  Thus  it  is,  as  a  matter  of  fact,  and  the  springs  of 
Sapang  Mainit  in  Pantabangan,  of  Sibul  in  San  Miguel  de  Mayumo,  and  of  Sibul  in 
Norzagaray,  occur  in  a  ri^ht  line  running  north  and  south,  approximately  parallel  to 
the  direction  of  the  cordulera  and  to  that  followed  by  the  outcropping  of  tne  beds  of 
conglomerates,  sandstones,  slates,  and  limestones  which  constitute  the  said  post- 
Tertiary  formation  of  the  center  of  Luzon. 

"The  springs  in  the  interior  of  the  cordillera,  though  not  completely  studied  in 
their  CTeater  part,  are  found  in  the  heart  of  the  older  rocks  which  constitute  the  ran^, 
and  they  can  have  be^n  originated  by  the  eruptions  of  diorites  and  diabases  which 
are  also  found  at  those  places,  although  we  certainly  must  admit  the  possibility  that 
the  faults  and  paraclases  produced  by  the  eruptions  of  these  diorites  and  diaoases, 
which  would  serve  to  conduct  the  hydrothermal  mineral  emissions  of  these  epochs, 
might  have  been  removed  and  modified  by  the  recent  eruptions  of  trachyte  sind  ande- 
site,  the  thermality  and  the  composition  of  the  waters  which  circulated  through  them 
being  also  modified.  It  is  very  difficult,  in  fact,  to  imagine  an  absolute  and  perma- 
nent auiet  in  the  regimen  of  the  thermomineral  waters  of  dioritic  or  diabasic  origin, 
since  tney  have  been  subjected,  in  the  region  occupied  by  the  Island  of  Luzon,  to  vol- 
canic and  seismic  phenomena  so  potent  and  general  as  tnose  which  are  observed  and 
noted  to-day  all  over  its  surface.' 

In  my  observations  in  the  field  I  found  numerous  instances  of  violent  twisting, 
fracture,  and  faulting,  due  in  part,  at  least,  to  volcanic  action  and  to  these  andesites 
and  trachytes  that  form  the  modem  emptives.  Along  the  Bayabas  River,  for  instance, 
in  several  places  the  stream  is  choked  with  tumbled  masses  of  great  limestone  bowlders, 
fallen  into  it,  and  broken  from  the  strata  on  the  hillsides  above;  the  strata  themselves 
are  violently  fractured  and  displaced,  the  shales  farther  up  the  stream  are  twisted  and 
faulted ,  ancl  between  La  Mesa  and  Bayabas  the  streams  flow  at  various  angles  over  the 
synclinal  and  anticlinal  axes  of  the  strata;  there  are  frequent  evidences  of  marked 
extrusions  of  andesite  and  trachyte;  and,  finally,  the  escarpments  of  such  cliffs  as  are 
seen  at  Mount  Balite,  and  at  points  above  Bayabas,  tend  to  the  belief  in  extensive 
displacements,  faulting  and  slipping  of  the  entire  strata,  leaving  more  or  less  gradual 
ana  regular  slopes  upon  the  west  and  abmpt  faces  to  the  east  and  northeast,  certainly 
not  to  be  ascribed  entirely  to  the  effects  of  erosion. 

The  Angat  and  Bayabas  rivers  are  two  characteristic  streams  of  Bulacan,  rising  in 
the  cordillera  and  finding  their  ways  through  the  foothills.  These  streams  all  bring 
down  from  the  sides  of  the  higher  hills  and  of  the  main  range  great  quantities  of  peb- 
bles and  bowlders  of  massive  crystalline  rock.  The  beds  of  all  the  mountain  streams 
that  I  saw  in  Bulacan  are  strewn  with  these  pebbles,  and  they  indicate  precisely  what 
von  Drasche  supposed  when  he  read  the  statement  already  quoted  of  Itier  of  like  effect, 
viz,  that  just  east  of  Angat  in  the  higher  hills  and  in  the  cordillera  lies  an  area  of  the 
older  crystalline  massives.  During  my  tours  in  these  hills  I  found  these  rocks  in 
place,  thus  verifying  that  portion  of  Mr.  von  Drasche's  geological  sketch  map  of  Luzon 
whereon  he  laid  down  an  area  of  the  crystalline  rocks  in  what  corresponds  to  eastern 
Bulacan.  The  mapTeferred  to,  which  accompanies  the  "Data  for  a  Geological  Study 
of  the  Island  of  Luzon,"  and  which  is  on  the  extremely  small  scale  of  1:1,666,666, 
contains  a  number  of  errors  and  inaccuracies  which  perhaps  could  not  be  avoided 
with  the  means  at  hand  nearly  thirty  years  ago,  when  this  interesting  paper  was  writ- 
ten.   My  observations  of  crystalline  rock  of  Mount  Calabaza  and  Mount  Pecote,  and 
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the  Sapa-Santol,  Sapang-Bacal,  and  Maon  creeks,  therefore,  do  not  verify  the  bounda- 
ries of  the  crystalline  area  of  Mr.  von  Drasche,  but  they  do  verify  the  supposition  of 
the  Austrian  geologist  that  crystalline  rocks  lie  in  place  within  this  area.  No  mention 
is  made  that  either  Itier  or  von  Drasche  ever  entered  into  the  hills  wherein  lie  the 
massives;  Centeno  and  Abella  visited  the  mines,  but  so  far  as  I  know  their  visits  were 
confined  to  the  mines  and  were  a  matter  of  but  a  few  days,  or  the  time  necessary  to 
make  their  official  inspection.  In  my  own  case  the  mines  were  my  objective  point,  but 
I  gave  what  additional  time  I  could  to  the  collection  of  samples  of  the  rocks  of  this 
region.  My  specimens  of  these  and  other  rocks  have  not  yet  been  afforded  the  time 
and  hicilities  for  microscopic  and  bulk  analyses,  and  they  have  been  subjected  merely 
to  my  own  megascopic  analysis.  The  litholc^y  of  these  rocks  will  therefore  be  held 
for  future  reports  upon  the  geology  of  the  cordulera;  amon^  them,  however,  I  mention 
here  several  specimens  of  fine-grained  diorite,  somewhat  smiilar  to  the  rock  of  Nueva 
Viscaya  (Aritao,  Camarin  Santa  Clara),  called  syenite  by  von  Drasche,  and  diorite  by 
Abella.  I  am  not  sure,  however,  that  Abella  saw  the  same  rock  of  which  von  Drasche 
writes.  We  have  in  our  bureau  museum  a  sample  classified  as  "syenite"  from  the 
precise  locality  von  Drasche  mentions,  and  it  certainly  appears  to  me  that  it  is  not  a 
syenite,  but  a  auartz-mica  diorite  or  tonalite;  and  as  Abella  mentions  the  tonalites  of 
Panay,  I  shoula  be  surprised  if  he  should  call  the  rock  found  by  von  Drasche  a  diorite 
(if  he  saw  it),  without  further  modification.  Of  course,  the  determination  of  the  feld- 
spar and  the  microscope  will  settle  this  question  of  the  syenites  and  diorites.  Until 
the  final  distinction  be  made  I  shall  call  this  fine-grainea  rock  with  hornblende,  and 
a  feldspar  that  certainly  appears  to  be  a  plagioclase,  a  * 'diorite."  Two  other  coarser- 
CTainea  crystiJline  massives,  also  from  Mount  Calabaza  and  Sapa-Santol,  are  partially 
decomposed,  and  a  fourth,  found  in  place  on  Mount  Calabaza,  b  a  compact,  extremely 
tough  and  firmly  cemented  mixture  of  quartz  and  feldspar,  without  hornblende  or 
mica,  and  this  I  shall  call,  provisionally,  *  *  eranulite."  Another  crystalline  rock  repre- 
sented by  an  immense  weathered  spheroidal  bowlder  about  12  feet  in  diameter,  rest- 
ing in  a  Kiddle  in  the  Mount  Pecote  ran^e,  seems  to  be,  from  its  composition  and  struc- 
ture, a  gabbro.  I  was  unable  to  find  this  rock  in  place  during  a  dihgent  search  on  the 
ridge  and  slopes  of  Mount  Pecote  and  elsewhere,  and  beyona  the  big  bowlder,  partly 
sunk  in  the  groimd,  I  found  only  one  or  two  smaller  ones  in  the  immediate  vicinity. 
These  are  old,  covered  with  a  thin  crust  of  weathering,  giving  them  a  dark-brown 
color.  The  deposit  of  laterite  or  decomposed  rock  in  place  is  thick  here,  as  elsewhere, 
and  the  vegetation  is  as  heavy  as  usual;  so  that  the  obstacles  preventing  satisfactory 
exposures  are  not  less  evident  here  than  elsewhere  in  these  islands. 

In  passing,  I  would  state  that  a  fine  rose-red  trachyte  foimd  between  Mount  Pecote 
and  tne  Bocol  Hills  is  very  similar  to  that  found  in  a  corresponding  position  to  the  Cor- 
dillera in  Nueva  Viscaya.  In  fact,  judging  from  all  evidence,  the  western  flank  of  this 
main  divide  probably  evidences  the  same  conditions  through  the  provinces  of  Bulacan, 
Nueva  Ecija,  and  the  southern  part  at  least  of  Nueva  Viscaya.  The  massive  crystal- 
line rocks  of  the  core  of  the  cordillera  are  likewise  similar,  if  not  the  same,  not  only  by 
inference  but  from  the  evidence  of  all  rock  specimens  at  hand . 

Before  adding  a  few  notes  upon  the  subjects  of  fossils  and  limestone  caves,  I  shall 
make  the  following  brief  summing  up: 

In  Bulacan  we  find,  first,  the  pre-Tertiary  crjrstalline  massives  of  the  higher  foothills 
and  of  the  range;  second,  the  modem  volcanics,  with,  third,  the  late  Tertiary  or  early 
Quaternary  sedimentary  rocks;  fourth,  the  tuff  deposits  of  the  plains  of  recent  period; 
and,  fifth,  the  alluvial  belts  of  the  present  along  the  river  beds  and  the  bay  shore.  In 
the  above  arrangement  according  to  time  we  also  have  roughly  an  arrangement  proceed- 
ing from  the  ridge  of  the  cordillera  westward  to  the  shore  of  Manila  Bay. 

Some  brief  mention  has  been  made  in  the  foregoing  pages  of  the  fossils  of  the  rocks 
and  deposits  of  Bulacan.  Unfortunately,  the  evidence  at  present  is  extremely  meager 
and  unsatisfactory.  Age  determinations  must  therefore  wait  until  time  and  facilities 
are  afforded  for  careful  study  of  the  cordillera,  the  Zambales  range,  and  the  great  plain 
of  central  Luzon.  Paleontological  work  during  my  recent  brief  survey  was  limited  to 
search  for  fossils  during  the  few  days  available  from  other  demands.  I  was  particularly 
attracted  toward  the  tilted  limestones  and  twisted  shales  of  the  Bayabas  River,  but  in 
them  I  could  find  nothing  of  value  as  fossils.  In  the  records  and  in  the  museum  of  the 
bureau  I  have  also  been  disappointed  in  my  search  for  paleontological  evidence, 
although  to  former  investigations  in  fields  near  by  I  must  acknowledge  indebtedness 
for  information  that  throws  light  upon  our  problems  here.  To  Mr.  K.  Martin,  for  his 
work  on  the  "Tertiary  Fossils  of  the  Philippines"  and  to  Mr.  G.  F.  Becker  for  trans- 
lating and  presenting  it,  and  for  the  suggestions  in  his  valuable  report «  I  am  especially 

"Rep'jrt  on  the  Geology  of  the  Philippines  Islands,  United  States  Geological  Survey, 
18»d-1900,  Washington,  D.  C. 
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indebted.  The  complete  bibliography  of  the  geology  of  the  PhilippineB  has  not  been 
accessible  to  me,  but  to  Mr.  Becker's  r&nm^  of  the  information  reaaily  available  to  him 
in  Washington  I  am  also  greatly  indebted  as  I  have  been  able  to  use  one  or  two  foreign 
contributions  through  him  that  were  not  available  in  Manila. 

In  summing  up  it  may  be  stated  that  but  one  fossil  remains  has  yet  been  found  that 
points  to  an  age  m  the  Bulacan  strata  even  as  old  as  the  Eocene.  This  statement  does 
not  imply  that  older  strata  do  not  exist;  on  the  contrary,  I  am  strongly  of  the  opinion 
that  they  and  older  rocks  will  be  found,  greatly  contorted  and  displaced,  perhaps  oy  the 
post-Elocene  upheavals.  As  for  the  crystalline  rocks,  there  is  no  evioence  as  yet  to 
prove  that  they  should  not  be  found  to  belong  as  fsu-  back  as  the  Paleozoic;  and  we 
may  eventually  find  parts  at  least  of  the  intervening  Mesozoic  strata,  here,  as  elsewhere, 
adjacent  to  the  crystalline  core  of  the  main  ranges.  Miocene  and  Pliocene  strata  are 
not  definitely  known  by  their  fossils  in  Bulacan,  and  indeed  very  imperfectly  in  the 
archipelagp.  I  have  therefore  referred  to  the  later  Tertiary  and  the  Quaternary  in 
the  foregoine  pages,  but  the  distinctions  even  between  these  are  not  definite. 

From  the  history  of  the  coral  limestone  of  other  parts  of  the  islands  I  have  assumed 
that  they  may  be  assigned  to  the  later  Tertiary  or  the  early  Quaternary.  The  dividing 
line  has  not  yet  been  established.  The  fossil  shells  of  the  plain  of  Bulacan  are  all  of 
animals  now  livinj^  in  the  warm  seas  adjacent  to  Luzon.  The  corals  of  the  limestone  so 
extensively  devefoped  are  also  modem.  And  the  only  vegetable  fossil  that  I  have 
heard  of  from  this  province  is  one  that  I  found  envelope  in  a  waterwom  pebble  about 
the  size  of  a  lemon.  Upon  breaking  the  pebble  to  learn  its  composition  I  found  a  vege- 
table fossil.  This  has  been  referred  to  Dr.  J.  G.  Coulter,  expert  botanist  of  the  educa- 
tional department,  who  has  provisionally  classed  it  as  the  staminate  cone  of  a  Lepido- 
dendrid.  This  find  is  most  interesting  and  important.  If  the  fossil  prove  to  be  a 
Lepidodendrid,  we  have  here  a  most  pointed  suggestion  that  the  early  Mesozoic,  or 
the  Paleozoic,  will  yet  be  found  in  the  Philippineb.  Final  determination  of  this  and 
other  fossils  will  form  material  for  later  report. 

The  limestone  caves  of  Bulacan  deserve  rather  more  than  passing  mention.  They 
are  found  in  the  coral  rock  extending,  as  mentioned  before,  through  the  province. 
They  are  formed,  it  is  hardly  necessary  to  state,  by  the  water  courses  which  originally 
flowing  through  the  fissures  of  the  rock  dissolve  the  calcium  carbonate  and  so  enlai^e 
the  passageway,  forming  immense  caverns.  The  dripping  of  the  impregnated  waters 
through  the  overlying  calcareous  formation  and  througn  the  roof  leave  by  evaporation 
the  stalactites  hanging  from  above  and  frequently  form  stalagmites  on  the  floor.  The 
bottoms  of  the  caves  are  usually  waterways,  and  contain  pools  more  or  less  extensive, 
and  they  are  frequently  streams  with  pebbles,  sand,  and  mud.  The  tendency  of  the 
waters  of  the  stream,  if  it  be  swift,  is  to  dissolve  and  erode  and  so  to  enlarge  the  caverns; 
if  it  be  slow,  to  dissolve  but  also  to  deposit  sediment;  and  the  tendency  of  the  perco- 
lating waters  is  to  form  stalactites  and  stalagmites  if  highly  impregnated  with  mmeral 
matter  in  solution,  and  to  increase  the  widtn  of  the  fissures  and  opening  if  but  lightly 
charged .  Therefore,  limestone  caves  may  remain  of  constant  d imensions,  theoretically, 
although  this  accident  of  the  equation  of  agencies  is  of  course  very  rare;  or  they  may  be 
constantly  or  intermittently  enlarging,  or  becoming  filled,  depending  upon  the  relation 
between  the  amounts  substituted  or  removed. 

In  Bulacan  there  are  numerous  caves  from  San  Jose  del  Monte  on  the  south  to  the 
Madlum  Cave  on  the  north.  They  are  all  of  similar  origin  but  of  varying  size.  The 
most  famous  of  these  caves  is  the  historic  Biacnabato,  which  gave  its  name  to  the 
treaty  of  1897  between  the  insurgent  and  Spanish  forces,  and  which  was  an  almost 
impregnable  fortress,  frequently  sheltering  large  bodies  of  insurgent  troops.  A  photo- 
graph of  its  entrance  appears  in  the  report  of  the  Schurman  Commission  to  the  President 
for  1900.  The  peaks  of  Biacnabato  rise,  rugged  and  prominent,  from  the  plain  of 
Bulacan.  The  cave  of  Madlum  is  shown  upon  the  sketch  map  of  the  Sibui  of  San 
Miguel  de  Mayumo.  There  are  two  caves  to  the  southeast  of  Norzagaray,  the  exact 
locations  of  which  I  could  not  learn,  one  of  which  was  described  to  me  by  Lieutenant 
De  Court,  who  states  that  it  is  very  extensive,  contains  deep  lakes  of  water,  and  is  the 
home  of  thousands  of  bats  which  fly  out  in  such  vast  swarms  when  disturbed  that  the 
visitor  must  protect  his  face  and  body  from  them;  and  the  other,  described  by  my 
guide,  Faiarao,  is  also  very  extensive,  but  it  is  never  visited  by  the  superstitious 
natives  who  believe  it  to  be  haunted.  I  found  time  to  see  two  of  the  well-known 
caves,  one  of  them  in  Mount  Tucod,  on  the  southwest  side  of  the  Pangisijsm  Creek;  and 
the  other,  the  cave  of  the  Punings,  near  the  barrio  of  Bayabas. 

The  Tucod  Cave,  called  by  the  natives  the  "  iglesia,"  or  "church,"  consisted  mainly 
of  one  laiye  room  about  50  feet  high,  from  40  to  80  feet  broad,  and  about  75  feet  deep.  It 
is  entered  from  the  bed  of  the  creek  through  two  large  arched  doorways,  and  clefts  run 
through  the  roof  to  the  top  of  the  limestone  hill  separated  from  Mount  Tucod  by  the 
gorge  cut  by  the  Pangisijan.  There  is  a  tumbled  mass  of  rock  resembling  an  altar  and 
great,  beautifully  colored  stalactites,  reds  and  greens,  resembling  candelabra.    The 
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floor  is  covered  with  loose  sand,  pebbles,  and  bowlders.  The  cave  is  self-ventilating 
in  the  same  manner  as  are  some  mines  worked  by  both  shaft  and  tunnel.  The  cave  is 
constantly  enlarging,  and  from  erosion  and  dissolution  of  the  calcium  carbonate  by  the 
rain  water  from  above  will  eventually  be  open  to  the  sky. 

The  cave  of  the  Punings  is  the  most  interesting  and  extensive,  probably,  in  the 
province.  It  is  shown  upon  the  map  and  is  illustrated  imperfectly  by  the  photographs 
accompanying  thib  report.  The  SaparSantol,  or  Santol  Creek,  as  shown  upon  the  map, 
rises  near  the  Santa  Lutgardac  laim,  flows  around  the  base  of  Mount  C^baza,  and 
flowing  through  Mount  Puning  changes  its  name  to  Punine  Creek  and  discharges  into 
the  Bayabas  near  the  barrio  of  Bayab^.  This,  like  all  of  the  mountain  streams,  flows 
througn  narrow  valleys  with  extremely  steep  sides,  and  it  carries  little  water  in  the  dry 
season,  but  it  is  a  rushing  torrent  dunn^  the  rains.  The  formation  of  Mount  Puning, 
which  is  almost  a  conical  hill,  is  of  coralliferous  limestone.  The  stream,  in  ages  past, 
found  a  fissure  through  the  rock  and  has  gradually  cut  for  its  waterway  a  cave  over  a 
mile  long.  The  entrance  from  the  Bayabas  is  a  singularly  pretty  and  attractive  one. 
Leaving  the  Bayabas  one  follows  the  Puning  Creek  upstream,  over  distorted  shales 
overlaid  by  limestones,  past  little  cataracts,  waterfalls,  and  deep  pools,  all  overarched 
by  tall  trees  and  climbing  vines,  and,  after  following  the  little  valley  to  the  right,  one 
comes  into  a  little  open  space  and  is  confronted  by  the  side  of  Mount  Puning,  rising 
almost  vertically  for  50  or  60  feet,  and  here  is  the  entrance  to  the  cave.  The  stream  has 
disappeared  some  distance  below,  and  during  the  dry  season  one  walks  over  the  sand 
and  pebbles  of  the  creek  bed  of  the  rains.  For  about  400  feet  and  in  the  direction  S. 
70°  E.  there  is  a  great  cathedral-shaped  cavern,  about  80  feet  broad  in  some  places  and 
the  point  of  the  arch  150  feet  high  m  many  places.  During  the  dry  season  the  water 
runs  beneath  the  pebbles  and  sand  and  the  upper  floor  is  almost  dry.  The  bed  inclines 
at  a  slight  angle  over  this  stream  bed,  the  inclination  being  much  more  abrupt  near  the 
head  of  the  main  cave,  where  there  are  bowlders  and  great  blocks  of  the  limestone  in 
place.  This  part  of  the  cave  contains  many  beautiful  stalactites  hanging  from  the  roof 
and  sides,  some  of  them  of  greenish  and  reddish  tints  and  some  of  them  sparkling  with 
millions  of  little  crystals  of  calcium  carbonate.  One  great  stalactite,  the  Giant,  is 
almost  the  shape  of  an  inverted  turban,  and  chokes  the  passage  at  the  point  where  it 
hangs,  about  400  feet  from  the  mouth.  At  this  place  there  is  a  narrow  passage  running 
to  the  northeast,  and  another,  the  main  passage,  running  24  feet  to  the  o.  20°  E.  13  feet 
S.  65°  E.,  and  18  feet  S.  30°  E.,  at  which  point  there  are  many  bowlders,  a  steep  incline, 
and  a  large,  almost  perfect  basin  of  marble,  containing  clear  water.  The  siaes  of  the 
cave  here  are  of  a  beautiful  bluish-mottled  marble.  Tne  incline  becomes  more  steep 
and  difficult  from  this  point,  and  finally,  about  75  feet  farther,  the  passage  is  very 
slippery  and  narrow,  and  here  we  stopped,  our  large  supply  of  torches  being  about 
spent.  The  entire  length  of  the  cave  is  something  over  a  mile,  and  my  guide  told  me 
that  men  have  been  lost  in  it  for  two  days.  The  rock  floor  is  covered  for  the  most  part 
with  sand,  pebbles,  and  bowlders  to  the  depth  of  many  feet.  I  found  no  signs  of  lite  of 
any  kind  excepting  one  remarkable  spider  previously  mentioned,  and  one  large  black 
-frog.  The  only  fossil  observed  was  a  portion  of  a  madrepore  coral,  broken  bv  me  from 
the  rock  at  the  side  of  the  cave.  A  fairly  strong  current  of  air  sweeps  througn  the  cave 
in  the  direction  of  the  water  flow,  and  the  coolness,  dampness,  darkness,  and  the 
draft  of  air,  remind  one  strongly  of  conditions  of  a  mine. 

THE  MINERAL  INDUSTRY. 

The  mineral  industry  of  Bulacan  is  at  present  confined  to  the  mining  and  smelting 
of  iron,  the  washing  of  the  sands  of  the  mountain  streams  for  gold,  and  the  calcining  ol 
limestone.  Beyond  these,  I  could  learn  of  no  activity  in  tnis  industry  of  any  sort; 
and  these,  indeed,  are  now  so  extremely  limited  that  they  prove  an  exceedingly 
insignificant  portion  of  the  productive  activity  in  this  province. 

The  history  of  iron  mining  in  Bulacan  is  of  more  than  ordinary  interest.  Romantic 
incidents  are  related  by  Foreman  and  others,  of  which  we  have  no  records  in  the 
bureau,  and  which  T7ill  not  be  enlarged  upon  here.  Of  one  thing,  however,  I  am  quite 
convinced  that  some  of  tho  most  interesting  of  all  the  chapters  of  the  history  of  these 
mines  are  those  missing  from  the  records,  echoes  of  which  are  sometimes  heard  from  the 
natives  of  Angat,  and  evidences  of  which  are  seen  in  old  abandoned  pits,  charcoal  ovens 
and  slag  dumps  on  tho  hills  and  mountain  sides.  Ruins  of  houses  of  the  early  iron- 
masters are  also  seen,  and  in  Angat,  Norzacaray ,  and  other  towns  near  by  are  still  to  be 
found  old  plates  ana  bowls  of  cast  iron,  which  indicate  that  in  the  years  gone  by  the 
scope  of  this  industry  was  much  broader  that  it  is  now.    In  connection  with  this  sub- 

i'ect  I  quote  from  Abella,  who  says,  in  his  "Brief  sketch  of  mining  in  the  Philippine 
islands,"  published  in  Madrid  in  1883: 

"  Next  to  gold  this  metal  is  the  one  earliest  exploited  in  the  Philippines.  There 
exist  abundant  deposits  of  it,  the  best  known  being  situated  on  the  western  flanks  of 
the  central  mountain  range  of  the  island  of  Luzon. 
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'"Those  deposits  in  the  district  of  Morong  were,  in  reality,  first  exploited  for  the 
purpose  of  manu^turing  munitions  of  war;  and  presently  those  of  San  Miguel  de 
Mayumo,  and  those  of  Ansat,  in  Bulacan,  were  exploited  for  the  manufacture  of 
mountain  knives  (bolos),  plowshares,  and  kitchen  utensils.  These  articles  were  of 
excellent  casting  and  quality,  and  were  purely  for  local  consumption.  Later,  at  the 
beginning  of  this  century,  an  attempt  was  made  to  establish  a  large  plant  for  the 
exploiting  and  manufacture  of  this  material,  with  large  furnaces  and  corresponding 
machinery;  but,  as  the  exceedingly  bad  roads  that  this  machinery  would  have  to  pass 
over  were  not  taken  into  account,  the  enterprise  failed  even  before  the  working  of  Uie 
mines  was  begun. 

' 'According  to  the  descriptions  of  engineers  or  competent  persons  who  have  had 
occasion  to  visit  them,  these  deposits  are  unsurpassed,  and  they  consist  of  masses — 
some  of  them  of  great  extent — of  red  and  brown  hematite  and  of  magnetite  of  excellent 
quality.  Moreover,  the  situation  of  these  deposits  is  such  that  in  the  immediate 
vicinity,  or  very  near,  may  be  found  an  abundance  of  wood  for  the  manufacture  of 
charcoal  and  important  supplies  of  water. 

''Minerals  of  tnis  class  also  exist  in  Faracale  (Oamarines  Norte),  in  Caraballo,  in  the 
island  of  Cebu,  and  in  some  other  points  of  the  archipelago. 

"But  there  are  only  in  actual  operation  some  concessions  of  San  Miguel  de  Mayumo 
and  of  Angat,  with  small  furnaces,  which  manufacture  knives,  plowshares,  and  kitchen 
utensils,  as  we  have  indicated.  It  is  to  be  hoped,  nevertheless,  that  the  exploitation 
of  these  minerals  may  be  one  of  those  industries  to  receive  a  greater  encouragement  at 
some  future  day." 

The  earliest  record  contained  in  the  archives  of  this  bureau  with  reference  to  iron 
mining  bears  the  date  December  12,  1781,  and  is  the  letter-order  of  instructions  to  the 
"governor  of  Angat "  through  the  governor  of  Bulacan  from  the  superior  government  of 
Manila,  to  render  every  possible  assistance  to  Chaplain  Don  Juan  Belli,  of  the  Royal 
Armada,  in  the  working  of  his  mine.  This  curious  and  interesting  document  is  trans- 
lated and  presented  in  full  in  the  report  of  the  chief  of  the  mining  bureau  to  the  acting 
civil  governor  in  re  the  case  of  the  iron  mines  of  Angat.  It  seems  that  the  chaplain  was 
intrusted  by  the  government  with  the  mining  of  ore  and  with  the  establishment  of  a 
smelting  plant  in  the  neighborhood  of  An^at,  and  that  after  entering  upon^the  work  he 
found  it  necessary  to  complain  to  the  officials  in  Manila  that  the  natives  of  his  vicinity 
were  unsatisfactory  as  laborers,  and,  more  than  this,  that  they  were  ruining  the  road  he 
had  built  to  the  mines  by  dragging  over  it  the  timber  they  were  cutting  in  the  moun- 
tains. The  reply  to  this  complaint  was  the  very  spirited  order  referred  to  above,  in 
which  the  governor  of  the  pueblo  of  Angat  is  instructed  to  prevent  the  cutting  of 
timber  within  a  distance  of  1  league  from  the  mines  without  express  permission,  to 
prevent  the  use  of  the  mine  road  for  timber  haulage  by  these  natives,  and  to  insist  that 
the  justices  of  Aneat  and  others  respect  the  power  given  to  the  governor  to  enforce 
orders.  In  this  letter-order"  from  Sefior  Jos^  Basco  to  Seflor  Antonio  Brioeo,  the 
importance  of  the  development  of  iron  mines  is  dwelt  upon,  and  the  instructions 
close  with  the  following  paragraph: 

"It  is  indispensable  that  in  the  extensive  development  of  these  islands  in  all  the 
departments  of  agriculture,  arts,  manufactures,  and  commerce,  for  all  the  inhabitants 
of  them  to  put  themselves  into  action  with  activity  and  vigor — a  means  by  which, 
under  the  protection  of  Grod,  we  are  about  to  extricate  ourselves  from  the  hands  of  a 
foreign  commerce  that  is  now  overwhelming  us.*' 

Governor  Brioeo  very  thoroughly  carried  out  his  orders,  and  incidentally  dealt  with 
the  labor  problem  of  those  earnest  days  of  mining  in  a  most  interesting  and  decisive 
manner.  He  quotes  the  "letter-order"  entire  and  then  follows  his  proclamation, 
made  from  the  Royal  House  of  Bulacan,  December  14, 1781 .  He  instructs  the  governor 
of  Angat  to  enforce  the  order  under  pain  of  fine  and  suspension  from  office  for  failure  to 
obey;  and  the  governor  of  Angat  is  further  instructed  t©  see  that  the  headmen  of  the 
barangays  each  furnish  tWo  laoorers  a  month  to  the  work  of  the  mines  and  smelters, 
the  men  to  be  paid  by  the  mine  manager  for  their  work  and  to  be  relieved  monthly;  all 
timber  already  cut  is  to  be  removed  within  twenty  days,  and  after  that  no  timber  is  to 
be  cut  or  removed  within  a  distance  of  3  miles  of  the  mine;  the  road  is  not  to  be  used  for 
haulage  by  the  natives,  and  any  damage  done  by  removing  the  timber  already  cut  is  to 
be  paid  for  by  those  causing  the  damage;  and,  finally,  every  assistance  asked  for  by 
Paare  Belli,  in  the  operation  of  his  works,  is  to  be  furnished  by  the  officials  of  Angat 
as  required. 

These  orders  were  published  as  certified  to  by  the  town  clerk  of  Angat;  ♦*♦  *  ♦ 
to-day,  Sunday,  the  16th  of  December,  at  10  o'clock  in  the  day,  after  the  mass, 
in  conformity  with  that  demanded  by  the  decree  of  obedience,  which  precedes,  I 
caused  to  be  published,  and  did  publish  the  letter-order,  in  public  and  customary 
places,  by  means  of  the  'war-drum'  and  people  of  the  guard,  through  the  medium 
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of  said  governor  and  the  other  officers  in  the  presence  of  many  and  various  people 
convened  at  said  publication    *    *    *." 

Notwithstanding  the  plans  and  arrangements  for  the  encouragement  of  the  early 
iron  industry,  and  the  importance  given  to  it,  the  next  records  snow  that  it  was  not 
making  the  progress  desired.  In  a  second  commimication  from  Sefior  Basco  to  Crov- 
emor  Srioso  we  find  the  following,  the  receipt  of  which  was  acknowledged,  and  the 
original  of  which  was  forwarded  to  Angat,  on  the  3d  of  March,  1782: 

"The  chaplain  of  the  Royal  Armada,  Don  Juan  Belli,  who  is  at  present  directing 
the  iron  mine  denoimced  in  the  territory  of  Angat,  represents  to  me  the  little  or  nothing 
he  is  able  to  accomi)li8h  in  his  commission,  owing  to  the  indolence  and  repugnance 
with  which  those  natives  assist  in  the  labor  of  those  works.  This  mine  is  of  the  j^atest 
importance;  not  only  to  those  who  work,  but  also  to  the  state  and  the  public  weal, 
since,  without  iron,  as  we  generally  find  ourselves,  it  is  impossible  to  possess  agricul- 
ture, commerce,  arts,  or  manufactures;  the  construction  of  boats  and  edifices,  for  which 
above  all  thincSj  iron  is  the  first  requisite.  The  royal  warehouses  are  devoid  of  this 
metal,  of  whicn  increased  amounts  are  needed  on  account  of  the  large  quantities  used 
in  the  repairing  of  ships,  works  of  fortifications  and  the  other  equipments  for  sustain- 
ing war,  and  for  the  defense  of  these  islands;  consideration  bein^  fixed  on  this,  and 
also  that  it  is  not  in  the  interest  of  any  one  individual  (although  it  may  appear  thus, 
the  interest  of  a  private  individual  is  not  the  moving  cause  in  tnis  matter),  but  rather 
the  service  of  the  King,  the  common  good,  and  the  defense  of  these  domains;  you  will 
therefore  inform  yourself  of  the  causes  from  which  ori^nate  the  repugnance  of  those 
inhabitants  to  the  working  of  the  mine,  and  you  will  inform  me  as  soon  as  possible, 
endeavoring  in  the  meantime  to  remove  the  obstacles  that  hinder  a  work  so  important 
on  the  supposition  that  depending  upon  the  well-founded  hopes  of  this  superior  author- 
ity in  said  mine,  it  has  failed  to  ask  Batavia  for  the  necessary  iron  supply,  and  we  are 
about  to  find  ourselves  entirely  unprovided  if  the  mine  does  not  produce  the  end 
desired." 

What  the  reply  might  have  been  to  this  we  are  not  informed;  but  we  find  next  that 
the  owner  of  the  mine,  who,  it  develops,  was  not  the  chaplain,  Don  Juan  Belli,  but 
Sefior  Lorenzo  Lopez  de  Buycochea,  renter  of  the  cockpits,  asks  permission  to  sell  his 
mine  because  of  his  advanced  age  and  because  of  the  **  accidents  *  not  only  to  himself 
but  to  the  director.  Padre  Don  Juan  Belli.  This  was  referred  to  the  judge-advocate. 
Royal  PakT.ce,  Manila,  May  14,  1784,  and  on  the  17th  the  judge-advocate  advised  the 
superior  government  that  there  was  nothing  to  prevent  the  sale,  it  being  understood 
that  the  conditions  of  concession  be  assumed  by  the  purchaser.  On  August  7,  1784, 
we  find  dated  the  deed  of  sale  of  the  mine,  works,  and  all  property  pertaining  thereto, 
for  the  sum  of  P'11,000,  to  Don  Felix  de  la  Rosa,  lieutenant  of  the  Battalion  of  the 
Royal  Prince. 

Upon  the  map  accompanying  this  report,  at  the  head  of  the  Pangisiian  Creek,  will  be 
found  the  site  of  the  old  smelter  of  Buycochea,  marked  as  that  of  Felix  of  Valois;  and 
the  mine,  as  near  as  I  can  locate  it  from  among  the  old  abandoned  workings,  is  near 
the  place  marked  "Banca."  So  far  as  the  records  are  concerned,  this  pioneer  iron 
mine  of  the  Philippines  was  never  named,  and  nothing  is  known  of  the  dimensions 
of  the  property  nor  of  the  result  of  the  workings,  if  even  partial  success  was  ever  visited 
upon  It. 

The  next  that  we  learn  in  chronological  order  is  that  Don  Santia^  Hison,  past  cap- 
tain of  the  Guild  of  Mestizos  of  Angat,  petitions  the  gobemadorcillo  of  An^t,  that 
he  be  declared  the  discoverer  of  a  mine  on  the  Sapang-Bacal,  and  at  a  considerable 
distance  from  the  mines  of  the  late  Don  Felix  de  la  Rosa,  and  of  the  Escalantes.  (The 
latter  mine  is  here  mentioned  for  the  first  time,  and  is  mentioned  only  in  this  connec- 
tion. Its  history,  dimensions,  and  production  are  not  known.  Some  evidences  of 
old  works  in  connection  with  it  are  shown  upon  the  map. J  On  December  1,  1815,  we 
find  dated  the  order  of  the  governor-general  of  the  islands  to  pass  the  formal  petition 
of  Hison  to  the  fiscal.  This  petition  was  undergoine  the  many  processes  leading  up 
to  the  granting  of  possession,  included  among  which  were  the  summons  to  the  mine 
owners  whose  properties  were  adjacent  to  that  asked  by  Hison,  Don  Juan  de  Escalante 
y  Lazo,  and  Don  Maximo  de  la  Rosa — the  former  of  whom  wished  hb  name  withdrawn, 
as  the  Hison  mine  could  in  no  way  be  prejudicial  to  his  interests — ^when  we  find  the 
the  latter,  Don  Maximo  de  la  Rosa,  appearing  in  the  tribunal  of  Angat,  on  February 
19,  1816,  and  opposing  the  Hison  claim  upon  the  ground  that  he,  de  la  Rosa,  who  had 
inherited  the  old  Buycochea  mine  from  his  father,  the  purchaser,  had  constructed 
a  road  for  his  mining  project  as  far  as  Sapang-Bacal,  and  at  the  cost  of  his  yearly  allow- 
ance, and  that  he  objected  to  the  use  by  Hison  of  the  right  of  way.  (This  road  I 
believe  to  be  the  mountain  trail,  still  the  main  thoroughfare  in  thb  region  of  difficult 
travel,  which  runs  along  the  crest  of  a  hill,  separating  the  waters  of  the  Maon  from  those 
of  the  Pangisijan,  on  the  right  flank  of  which  are  found  the  most  important  iron  deposits 
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now  worked  in  these  mountidns.)  Then  follows  the  summons  to  Don  Maximo  de  la 
Rosa  to  appear  for  the  examination,  and  his  failure  to  do  so,  later  explained  in  a  second 
and  very  bitter  opposition  to  Hison's  petition,  in  which  he  claims  that  deceit  and  fraud 
had  been  practiced  upon  him.  The  petition  of  Hison  went  forward,  neverthelees;  and 
as  the  commission  appointed  to  examine  the  sites  of  the  mines  had  found  and  reported 
that  a  distance  of  135  "brazos"  (450  feet)  intervened  between  the  place  where  Don 
Maximo  de  la  Rosa  was  taking  out  ore  and  the  site  of  the  Sapans-Bacal  claim  of  Hison, 
as  Don  Juan  de  Escalante  had  professed  no  opposition,  and  as  the  various  formal  steps 
of  the  process  were  one  after  another  complied  with  by  Don  Santiago  Hison,  we  find 
that  on  the  25th  of  April,  1816,  the  commission  appointed  for  the  purpose  demarcated 
the  claim,  400  Spanish  varas  square,  and  placed  Hison  in  poesession,  "causing  the  high 
constable  to  take  him  hy  the  hand,  and  walk  with  him  the  circuit  of  the  premises,  and 
in  token  of  royal  possession  ('  corporal  velquasi '),  a  small  piece  of  iron  was  given  to  him, 
in  this  act,  and  by  means  ot  the  interpreters^  I  ordered  mat  nobody  should  venture  to 
disturb  said  Hison  in  his  possession,  with  which  this  official  proceeding  was  concluded, 
and  the  assistants  signed  with  me."  This  Hison  mine,  although  at  present  occupied 
by  American  prospectors,  has  descended  to  the  great-great-grandchildren  of  the  origmal 
OMrner,  Dofia  Maria  Alteza  Fernando  and  her  brother  and  sister*  nothing  further  is 
heard  of  the  de  la  Rosas,  nor  of  their  ancient  claim,  and  Don  Juan  ae  Escalante  y  Lazo, 
whose  mine  and  works  are  but  barely  mentioned,  gracefully  disappears  from  the 
history  of  these  interesting  mines  of  Bulacan. 

The  history  of  the  remaining  claims  of  Angat,  ''Santa  Lutearda,"  **Constancia," 
and  "Sapang  Munti,"  all  among  the  present  "first-class"  claims,  may  be  briefly 
summarized. 

The  Chinese  ironmaster,  Ong-Sayco,  who  has  worked  in  the  Bulacan  smelters  for 
over  thirty  >rears  and  who  is  to-day  the  "maestro"  in  charge  of  the  new  Constancia 
smelter,  solicited  on  March  21, 1873,  two  pertenencias,  which  may  have  been  upon  the 
site  of  the  old  Buycochea  claim,  although  no  connection  is  made  in  the  records  tend- 
ing to  substantiate  this  statement.  Tmx)ugh  faults  of  omission,  and  because  of  real 
or  imagined  conflict  with  other  claims,  no  concession  was  ever  obtained  by  Ong-Sayco. 
On  the  other  hand,  his  petition  was  united  as  an  expediente  with  that  instituted  on 
September  9,  1873,  by  Don  Quiterio  Anchuelo  Rodriguez,  for  four  pertenencias  to  be 
known  as  the  Santa  Lutgarda  mine.  Neither  Ong-Sayco  nor  Don  Anchuelo  pave 
precise  boundaries  or  descriptions  in  their  petitions,  but  it  is  believed  that  they  Both 
stni^led  for  the  same  deposit  of  ore — which  lies  just  south  of  the  old  Hison  claim  and 
whi^,  from  its  position,  may  very  possibly  have  been  a  relocation  of  the  old  Buy- 
cochea claim.  Notwithstanaing  the  assistance  always  offered  by  the  officials  of  the 
Spanish  Inspecci6n  General  de  Minas  in  the  corrections  of  technical  and  legal  errors, 
the  Santa  Lutgarda  claim  was  an  unfortunate  one  and  has  been  the  subject  of  delays 
and  litigation,  the  fault,  it  seems,  entirely  of  the  claimants.  I  quote  the  following 
from  the  report  of  the  chief  of  the  mining  bureau  to  the  acting  civil  governor,  in  re  the 
case  of  the  iron  mines  of  Angat: 

"The  application  of  title  to  the  'Santa  Lutgarda'  dragged  its  weary  length  along 
from  1873  to  1887  in  contest  with  the  *  Ong-Sayco  *  and  with  a  wanton  disreeard  of  the 
procedure  prescribed  by  law  and,  as  near  as  this  Bureau  can  tell,  the  title  mereto  was 
never  issued  at  all,  although  the  Spanish  authorities  apparently  recognized  it  as  a 
valid  concession,  as  appears  by  the  official  visits  of  1887  and  1893,  and  the  statistical 
reports  of  1886  (1884)  referred  to  in  the  *  Hison'  case.  One  thinj^  is  certain  that  the 
'Santa  Lutgarda*  does  not  contain  more  than  one  claim,  and  it  is  even  more  certain 
that  it  never  did  contain  the  land  embraced  in  the  'Hison'  grant,  or  any  portion  of 
it;  and  thus  the  permission  given  by  Suarez,  as  the  heir  of  the  deceased  Anchuelo,  is 
presumptuous  to  say  the  least,  even  if  it  can  not  be  designated  by  a  stronger  term." 

The  permission  referred  to  above  is  that  given  to  the  American  prospectors,  Wilson 
and  others,  to  occupy  certain  portions  of  the  Hison  claim. 

The  "Constancia'^  claim  of  two  pertenencias  was  r^:ularly  solicited  by  Francisca 
Talag  on  February  22,  1879,  and  was  promptly  opposed  by  Don  Hilario  Fernando  on 
the  ground  that  the  land  solicited  was  his.  Alter  various  1^1  formalities  it  was 
shown  that  the  property  solicited  by  Dofia  Francisca  Talag,  and  that  owned  by  Don 
Hilario  Femanao  by  inheritance  from  Santiago  Hison,  were  separate  and  distinct, 
and  on  March  8,  1880,  Don  Hilario  withdrew  from  the  contest.  The  act  of  demarca- 
tion was  performed  on  June  23,  1880,  and  on  August  13  of  the  same  year  the  title  of 
concession  was  granted  to  Francisca  Talag.  The  two  claims  of- the  "Constancia"  lie 
immediately  north  of  the  Hison  claim  as  shown  on  the  map.  The  present  claimant 
is  Don  Pedro  Otayco,  whose  deed  of  purchase  of  one  pertenencia  from  Dofia  Francisca 
Talag  bears  the  date  of  July  27,  1901.  The  price  paid  was  the  remarkably  small  sum 
of  200  pesos. 
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To  the  north  of  the  Gonstancia  pertenencias  lies  the  single  claim  of  the  Sapang- 
Munti  mine.  This  is  on  the  headwaters  of  the  Monta  Muro  Creek,  whereas  the  others 
just  mentioned  lie  in  the  moimtain  forming  the  west  side  of  the  Maon.  The  Sapane- 
Munti  is  a  new  claim  and  but  little  is  known  of  it,  excepting  that  it  was  regularly 
solicited  on  November  21,  1892,  by  Don  Francisco  Sanchez,  and  after  due  course  of 
legal  requirements,  the  demarcation  was  performed  h}r  Sefior  Abella  on  April  16, 
1^3,  the  entire  proceeding  terminating  without  opposition  or  hindrance  whatever. 
The  proprietary  title  was  issued  on  June  9  of  the  same  year  by  the  ggvemor-general. 
the  proceedings  being  le^dized  by  the  director-general  of  civil  administration;  and 
it  was  registered  by  the  Intendencia  General  de  Hacienda  on  June  19,  and  in  the 
General  Inspecci6n  de  Minas  on  August  18, 1893.  Thus  we  have  the  refr^ing  excep- 
tion of  a  mine  passing  through  the  various  stages  to  perfection  of  title,  without  contest 
or  opposition,  within  a  year.  This  mine  was  recently  sold,  I  was  informed  during  my 
stay  in  Bulacan,  for  the  sum  of  7,000  pesos,  to  a  new  owner  whose  name  I  can  not 
recall,  who  proposed  to  combine  forces  with  the  ** Gonstancia"  smelter  and  work  the 
deposit  for  a  time. 

This  brings  to  a  close  the  skeleton  history  of  the  iron  mines  of  Angat.  The  mines  of 
San  Mi^el  de  Mayumo  will  be  the  subject  for  a  later  report. 

The  iron  deposits  of  Angat  lie  in  general  in  the  cr^rstalline  rocks  of  the  western  flanks 
of  the  Cordillera.  I  have  never  heard  of  any  deposits  on  the  eastern  side  of  the  range. 
Among  the  spurs  and  more  important  hills  formii^  the  buttresses  of  this  Cordillera  there 
are  two  crests  nmning[  roughly  parallel  with  the  main  range,  the  one  beginning  near 
Mount  Buga  and  running  to  the  west  of  the  Sapa-Santol,  or  Santol  Creek,  and  its  head- 
waters, the  Sapa-Tuyo,  and  terminatins;  a  short  distance  to  the  northwest  of  the  Gon- 
stancia claim;  and  another,  possibly  a  detached  continuation  of  the  former,  beginning 
south  of  Mount  Tincugan  and  running  north  to  the  Pahiripan  Creek.  The  eastern  side 
of  the  first  range,  draining  into  the  Sapa-Santol,  and  the  Sapa-Tuyo,  the  western  side  of 
the  second,  draining  into  the  Monta  Muro  and  the  Pahiripan,  and  the  western  side  of 
Mount  Camanglao  and  the  eastern  side  df  a  range  without  name,  both  drained  by  the 
Maon  Creek,  contain  the  iron  deposits  at  present  known.  It  must  be  confessed  from 
the  start  that  no  mines  exist  in  these  hills.  A  mine  in  the  legal  sense  is  an  underground 
working  re<juiring  artificial  lighting.  The  light  of  common  day  is  ample  for  all  purposes 
at  present  in  the  so-called  mines  of  Aneat.  Nothing  more,  so  far  as  I  have  been  able  to 
observe,  or  otherwise  learn,  has  existed  in  these  iron  deposits  than  the  mere  sinking  of 
shallow  pits  for  distances  of  from  6  to  30  feet,  through  the  overlying  clay  and  talc  to 
reach  the  bed,  or  the  "stripping"  to  equal  depth;  and  it  may  be  sdded  that  a  lai]ge 
amount  of  the  ore  smelted  in  the  past  came  from  bowlders  of  hematite  and  magnetite 
found  in  the  beds  of  the  mountain  streams.  Old  mine  pits  and  trenches  have  become 
filled  and  ovemown  with  forest  growth;  and  even  the  present  limited  workings,  as 
above  described,  which  are  ample  for  the  supply  of  the  small  number  of  diminutive  fur- 
naces in  blast,  are  so  completely  surrounded  with  dense  jungle  and  heavy  growth,  that 
the  study  of  tne  outcrop  and  strike  and  therefore  any  estimate  of  the  extent  or  contin- 
uity of  the  beds  are  quite  impossible. 

All  indications  seem  to  me,  after  visiting  and  inspecting  these  isolated  workings,  to 
point  to  a  more  or  less  continuous  bed,  or  a  series  of  them,  for  the  Angat  country  at  feast. 
The  country  rock  is  massive  and  therefore  no  dip  and  strike  of  stratification  are  possible. 
The  dips  and  strikes  and  thicknesses,  however  unsatisfactorily  they  may  have  been 
observed,  are  variable:  but  this  would  be  expected  even  in  highly  contorted  stratified 
rock.  It  may  be  safely  prophesied  that  when  stratified  formations  are  foimd  in  this 
region,  as  I  expect  them  to  be,  they  will  be  found  lying  with  as  many  dips  and  strikes 
as  the  iron  beos  present  to-day.  Therefore  the  various  dips  and  strikes  of  these  iron 
beds  as  observed  do  not  in  themselves  constitute  an  objection  to  the  theory  of  more  or 
lees  continuity. 

On  the  banks  of  the  Monta  Muro  Greek,  at  Sapang-Munti,  and  at  about  the  center  of 
the  claim,  the  bed  of  magnetite  is  extremely  irregular,  as  elsewhere,  and  the  strike  is 
roughly  from  northeast  to  southwest.  The  bed  is  from  3i  to  8  feet  thick  and  lies 
almost  vertical.  The  ganeue  is  iron  pyrites  with  serpentine,  lying  in  bands  through 
the  bed.     The  country  rock  here  is  a  crystalline  slate  apparently  of  diabasic  origin. 

The  bed  of  ore  on  the  Gonstancia  claim,  occurring  on  the  steep  banks  of  a  little  creek 
called  Sapang-Tibagan,  which  empties  into  the  Maon,  has  a  strike  of  N.  30®  E.  and  dips 
56**  to  S.  60®  E.  The  ore  is  hematite  and  magnetite  and  is  singularly  free  from  pyrites. 
Above  the  bed  lies  a  variable  thickness  of  clay,  resulting  from  the  decomposition  of  the 
crystalline  massives  and  immediatelyover  the  bed  and,  in  the  upper  portions  mixed 
with  it,  is  found  green  foliated  talc.  The  general  thickness  of  the  pure  ore,  so  far  as  ex- 
posed, is  from  5  to  6  feet,  and  with  the  mixtures  of  talc  and  clay  the  entire  iron-bearins 
bed  may  be  estimated  at  from  16  to  18  feet.  ^ 

At  the  time  of  my  visits,  in  March,  1902,  there  were  two  pits,  one  above  the  other  on 
the  hillside,  uncovering  the  ore  bed. 
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Two  little  mountam  brooks  flowing  down  the  hillside  eastward  to  the  Maon  uncover 
the  present  and  the  old  workings  of  the  Hison  mine.  The  little  streams  are  roughly 
parallel  and  are  both  difficult  of  passage.  The  northern  flows  over  the  outcrop  of  the 
present  Hison  workings,  where  there  now  stands  a  cabin  erected  by  the  American  pros- 
pectors mentioned  above.  This  stream  is  called  the  Tusig  and  its  rocky  course  is  the 
only  thoroughfare  to  the  outcrop;  the  problem  of  transjwrtation  here,  as  elsewhere,  is 
more  than  likely  to  be  a  serious  one;  but  in  this  connection  I  may  sii^eet  that  no  diffi- 
culty seems  to  stand  in  the  way  of  aerial  wire  tramway  carriage.  The  stream  bed  b 
strewn  with  great  bowlders  of  hematite  weighing  many  tons;  and  this  is  precisely  the 
reason  that  so  little  development  has  been  done  upon  tnese  deposits;  nature  has  mined 
the  ore,  and  the  smelter  men  finding  sufficient  for  their  limited  needs  have  naturally 
not  delved  for  more.  The  strike  and  dip  of  the  Hison  outcrop,  I  could  not  even  approx' 
imately  determine,  as  the  sides  of  the  stream  bed  are  precipitous  and  heavily  over- 
sown: the  outcrop  here  is  the  only  exposure,  and  little  or  no  development  work  has 
been  done.  The  deposit  is  from  35  to  50  feet  thick — in  fact  the  natives  say,  probably 
with  reason,  that  the  ** mountain  is  iron" — and  although  the  upper  layers  are  impure 
with  pyrites  and  steatite,  the  lower  12  to  15  feet  are  formed  of  a  compact  micaceous 
hematite  with  apparently  no  foreign  mineral. 

The  workings  of  the  Santa  Lutgarda"  mine  consist  of  two  pits  sunk  for  about  12 
feet  each  through  the  overlying  clay,  upon  the  side  of  Pinugayan  Hill.  The  upper 
pit,  near  the  top  of  the  hill,  is  merely  the  renmant  of  an  ancient  working  and  no  obser- 
vations could  be  made  there.  The  lower  pit,  a  hundred  yards  from  the  Maon,  exposes 
an  irregular  bed  about  10  feet  thick  lyin^  nearly  vertical,  with  an  approximate  strike 
of 'N.  20®  E.  The  ore  bed  carries  within  it  streaks  of  steatite  and  serpentine,  but  I  saw 
no  pyrites.  This  has  lon^  been  considered  one  of  the  purest  iron  ores  of  the  Philip- 
pines.   The  ore  is  ma^etite  and  hematite,  both  compact  and  massive. 

The  remaining  workings  of  this  Aneat  district  have  long  since  been  abandoned,  and 
visits  to  some  of  them  merely  revealed  crop  falls  where  the  soil  and  alluvium  had  fallen 
in  and  the  beds  were  completely  covered.  However  much  satisfaction  I  mi^ht  have 
derived  from  uncovering  the  beds  in  these  old  pits  and  elsewhere,  I  was  unable  to  per- 
form any  work  of  this  sort  for  lack  of  time. 

The  information  above  presented  is  very  meager  and  is  entirely  unsatisfactory  to  me 
as  data  upon  which  to  base  an  estimate  of  the  extent  and  value  of  these  deposits. 
Therefore  no  such  estimate  will  be  attempted.  I  had  hoped  to  find  some  develop- 
ment work  done,  particularly  upon  the  old  mines,  but,  as  suggested  before,  the  vast 
quantity  of  loose  bowlders  of  smelting  ore  lying  in  Moan  Creek  and  in  most  of  its  tribu- 
taries has  rendered  unnecessary  any  more  arduous  or  expensive  labor  than  the  breaking 
of  these  bowlders  and  the  transportation  of  them  to  the  near-by  furnaces. 

As  to  the  extent  of  these  beds,  I  am  strongly  inclined,  from  all  obtainable  data  and 
from  inference  of  the  vast  amount  of  float  ancl  the  broad  area  represented  by  the  out- 
croppings  and  exposures,  to  think  it  considerable  indeed.  As  for  the  purity  of  some 
of  tnem  I  respectfully  call  attention  to  the  table  of  analyses  and  the  discussion  follow- 
ing. As  for  tne  value  of  them ,  it  must  be  remembered  that  many  factors  must  be  taken 
into  account,  such  as  the  market  for  ore  or  pig  iron,  the  cost  and  difficulty  of  minine 
and  of  transportation,  the  purity  and  extent  of  the  ores,  and  the  cost  and  methods  of 
smelting.  With  present  means  of  transportation,  with  the  beds  of  ore  neither  pros- 
pected nor  developed,  with  the  market  for  iron  and  the  cost  of  importing  and  erecting 
mining  and  smelting  machinery  as  yet  uncertain,  it  is  my  opinion  that  the  question  of 
the  v^ue  of<hese  mines  to  capital  is  sufficiently  important  to  justify  an  array  and 
amount  of  data  for  its  computation  that  is  not  obtainable  at  the  present  time.  It  is 
well  known  amon^  mining  men  that  no  estimate  of  the  value  of  a  mine  can  be  haz- 
arded upon  the  evidences  at  the  outcrop  alone,  however  favorable.  "The  value  of  a 
mine  is  the  net  profit  that  it  will  bring  to  its  owner."  At  this  time,  therefore,  I  merely 
venture  the  opinion  that  these  beds,  being  probably  very  extensive  and  carrying  much 
ore  that  is  pure,  are  worthy  the  development  that  is  absolutely  essential  for  the  com- 
putation of  their  final  worm. 

The  accompanying  table  shows  the  results  of  analyses  of  iron  ores  of  the  Angat  dip- 
trict,  miade  for  me  by  Mr.  Paul  Stangl,  of  the  Bureau  of  Government  Laboratories. 
Reducing  the  iron  determinations  to  metallic  iron  by  the  use  of  appropriate  factors 
from  Fresenius,  and  adding  the  respective  products,  we  find: 

Total  metallic  iron. 


Per  cent. 

No.l 63.31 

No.  3 51.85 

No.  4 59.24 


Percent 

No.5A 44.16 

No.5B 60.96 
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In  the  above  table  I  have  included  the  iron  represented  as  disulphide.    Omitting 
this  amount  of  iron,  and  retaining  that  from  the  oxides  only,  we  find: 

MitaUic  iron. 


Peroent. 

No.  5  A 37.33 

No.  5B 60.95 


Peroent. 

No.  1 63.31 

No.  3 50.10 

No.  4 59.24 

It  will  be  observed  that  No.  1,  No.  4,  and  No.  5  B  are  ores  singularly  rich  and  pure. 
No.  1  and  No.  5  B  are  practically  free  from  sulphur  and  phosphorus,  those  two  most 
objectionable  elements,  and  all  tnree  would  suggest  themselves  as  suitable  for  manu- 
facture into  hieh-grade  steel  by  the  Bessemer  process.  The  chief  impurities  are  silica 
and  alumina,  but  these  can  in  no  way  impair  the  quality  of  steel  made  from  them. 
Extensive  tables  will  be  prepared  at  some  future  date  showing  how  well  these  three 
ores  compare  with  those  of  other  parts  of  the  world.  For  the  present  I  respectfully 
refer  the  reader  to  tabulated  analyses  published  in  the  ennneering  journals,  in  the 
text-books  on  the  metalluiw  of  iron  ana  steel,  and  in  the  valuable  publications  of  the 
United  States  Geological  Survey  and  those  of  the  surveys  of  the  mining  States.  In 
passing,  I  call  attention  to  the  remarkable  absence  of  manganese  from  all  of  these  Angat 
ores,  and  to  the  presence  of  cobalt  in  No.  3. 

The  above  ores  as  sampled  by  me  were  ru>t  picked  specimens.  In  the  table  follow- 
ing, in  which  are  given  the  results  of  a  series  of  assays  made  in  the  laboratory  of  this 
bureau  in  the  days  of  the  Spanish  Inspecci6n  de  Minas,  it  will  be  noticed  that  the 
metallic  iron  runs  higher  than  in  the  analyses  by  Mr.  Stangl .  This  was  probably  because 
the  ores  were  sampled  from  the  piles  ready  for  the  smelter  rather  than  from  the  face  of 
the  exp>06ure;  but  of  the  facts  in  the  case  I  have  no  information.  Unfortunately  the 
results  in  metallic  iron  only  are  given. 

The  metallurgy  of  iron,  as  at  present  practiced  in  these  islands,  is  confined  entirely 
to  Bulacan.  A^  the  time  of  my  visit  to  the  iron  mines  of  Ansat  but  one  furnace  was 
in  blast;  and  in  describing  the  operation  of  this  I  shall  descrioe  the  operations  of  all, 
for  I  could  learn  of  no  variation  elsewhere  in  the  province  from  the  practice  at  the 
Suarez  camarin.  It  gives  me  ^eat  pleasure  to  acknowledge  here  the  many  courtesies 
extended  to  me  by  Sefior  Mariano  Suarez  during  my  visits  to  his  works.  He  fully 
answered  all  of  my  many  questions,  FJid  he  assistea  me  in  every  manner  in  my  measure- 
ments, and  in  the  making  of  sketches  and  photographs.  My  facilities  for  the  observa- 
tion of  a  furnace  in  blast  were  made  as  complete  by  him  as  it  was  possible  for  them  to  be. 

The  buildings  in  which  the  smelting  is  done  are  constructed  entirely  of  the  products 
of  the  forests  of  the  neighborhood.  The  posts  and  rafters  are  of  trimmed  trunks  of  trees, 
the  pieces  are  secured  m  place  by  bejuco,  or  rattan,  and  the  thatching  is  of  cogon  or  of 
nipa — thus  no  metal  of  any  kind  is  required,  and  the  camarines  are  made  with  the 
boio  as  the  only  tool.  These  primitive,  but  well  ventilated,  inexpensive,  and  appar- 
ently satisfactory  structures  are  illustrated  in  sketches  and  photographs  accompany- 
ing this  report.  The  Constancia  camarin  was  in  process  of  construction  during  my 
survey,  and  it  is  here  shown  with  the  roof  partly  thatched.  The  custom  in  the  hills  is 
for  the  maestro,  or  smelter  foreman,  to  assemble  his  assistants,  and  with  them  to  clear 
and  level  the  land  selected  for  the  smelter  site,  to  dig  the  clay  from  the  stream  banks, 
bake  it  into  bricks,  and  from  these  to  construct  the  furnaces,  to  cut  the  required  pieces 
and  erect  and  roof  the  camarin,  to  prepare  the  molds,  tuyeres,  slag  pots,  and  blowers, 
to  bum  the  charcoal  and  sort  the  ore,  to  keep  the  books  and  to  pay  me  men,  and  finally 
to  smelt  the  iron  and  send  forth  the  finished  product.  From  the  uncleared  iforest  to  the 
column  of  cargadores  bearing  the  plowshares  and  points  to  the  market,  the  entire  work 
is  intrusted  to  the  maestro  and  to  his  assistants.    This  small  industry  is  a  singularly  inde- 

Eendent  one,  and  so  far  as  I  could  learn  the  one  requirement  of  the  entire  process 
eyond  all  that  th^  forests,  ore  banks,  and  streams  of  these  narrow  mountain  valle3rs 
could  furnish,  is  a  limited  amount  of  boneblack  used  in  coating  the  molds. 

The  camarin  once  constructed  is  divided  roughly  into  three  parts,  as  shown  in  the 
sketch.  One  side  is  given  up  to  stalls,  or  little  rooms,  in  which  live  the  workmen  and 
where  are  stored  the  supplies  and  the  furnace  products.  Another  side  is  divided  into 
ore  bins  and  charcoal  bins.  The  main  central  space  is  open  and  is  ^ven  over  to  the 
smelting  proper.  In  the  center  of  this  space  are  the  two  furnaces,  with  bamboo  plat- 
forms at  tne  sides,  upon  which  the  feeders  stand,  with  the  tapping  holes  and  slag  run- 
ways at  the  front,  and  with  the  blower  or  air  compressor  and  the  connecting  clay 
tuyeres  behind.  Opposite  the  furnaces  runs  a  row  of  molds,  always  placed  in  position 
forpouring  immediately  after  the  last  castings  have  been  dumped. 

Tne  furnaces  are  generally  made  of  sim-baked  fire  day,  the  material  being  obtained 
from  the  decomposition  of  the  crystalline  feldspathic  rocks  of  the  neighboring  hillsides. 
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In  some  cases  the  bricks  are  molded,  and  the  furnace  is  built  up  of  these.  In  others 
the  furnace  itself  is  molded  as  one  piece,  dried,  and  afterwards  bound  with  rattan  or 
iron.  The  thickness  is  so  great  that,  nowithstandine  the  intense  smelting  heat  on  the 
hearth,  the  rattan,  or  bejuco,  is  not  burned  off.  In  building  the  furnace  a  rectangular 
space  6  by  8  inches  is  left  above  the  blow  and  tap  holes,  and  into  these  are  inserted 
blocks  of  a  very  silicious  rock,  measuring  6  by  8  by  15  inches,  and  called  4>uga  by  the 
natives.  The  word  bu^  is  surely  a  misnomer,  as  it  is  the  Tagalog  for  pumice.  This 
quartzose  rock  is  auamed  near  La  Mesa  for  this  especial  purpose,  and  tne  ironmasters 
pay  2  pesos  for  each.  They  are  used  end  about,  and  I  imagine  are  for  the  sole  purpose 
of  furnishing  silica  to  the  slag.  That  they  do  furnish  silica  is  shown  by  the  ends  of  the 
blocks  when  removed. 

The  hearth  of  the  furnace  is  shallow  and  ne^ly  circular.  It  is  from  4  to  6  inches 
deep  and  about  2  feet  4  inches  in  diameter.  The  total  height  of  the  furnace  is  7  feet  5 
inches,  measured  from  the  ground,  and  the  distance  from  ]x)ttom  of  earth  to  top  of 
furnace  is  6  feet.  The  thickness  of  the  annular  ring  formed  by  average  right  section  is 
1  foot,  although  this  thickness  is  slightly  greater  toward  the  hearth. 

The  tuyere  is  a  pipe  of  best  selected  and  baked  fire  clay,  connected  with  the  blower 
at  one  end,  passing  through  the  furnace  and  opening  upon  the  hearth  at  the  other. 
It  is  2  feet  7  inches  long,  6  inches  in  gross  diameter,  and  with  an  inner  diameter  of 
1)  inches. 

The  air  compressor,  or  blower,  is  as  ingenious  as  it  is  interesting.  It  is  made  from 
the  hollowed  cylindrical  trunk  of  a  tanguile  tree  and  is  9  feet  8  inches  long  and  1  foot 
7  inches  in  its  greatest  diameter.  One  end  of  this  blower  rests  upon  the  ground  and  the 
other  is  supported  1  foot  6  inches  from  the  eround  by  a  crosspiece  of  wood.  The  ends 
of  the  blower  are  furnished  with  semicircular  valves  of  leatner  and  wood,  suspended 
from  above  and  closing  by  the  pressure  of  air  against  them  when  the  piston  moves 
toward  them.  The  valves  are  3 J  inches  by  7  inches.  A  separate  piece  of  wood,  con- 
taining the  compartment  into  which  the  air  is  forced  ana  from  which  it  is  driven 
through  the  tuj^ere  into  the  furnaco,  is  fitted  into  the  main  blower,  and  made  air- 
tight. It  contains  an  opening  at  each  end  into  the  cx)mpres8or.  The  connection 
between  the  tuyere  and  the  air  compartment  is  frequently  a  short  piece  of  cast-iron 
pipe  fitted  tight.  The  piston  is  a  circular  piece  of  wood  well  fitted  and  carrying 
around  its  perimeter  a  double  thickness  of  feathers.  The  piston  rod  is  of  halite  wood, 
15  feet  long  and  furnished  with  a  double  handle. 

The  molds  for  the  present  smelter  practice  are  of  two  shapes,  and  of  different  sizes  for 
the  large,  medium,  and  small  castings.  These  molds  are  made  of  carefully  selected 
and  ground  clay,  and  the  bottom  halves  are  "formed  "  by  means  of  pieces  of  narra  wood 
cut  to  the  shapes  and  sizes  of  the  castings  desired.  (Analyses  of  the  clays  dug  from  the 
stream  sides  and  used  in  the  construction  of  furnaces,  tuyeres,  molds,  etc.,  are  given  in 
Plate  XIV.)  The  inner  surfaces  are  freshly  coated  for  each  casting  with  a  paint  made 
of  a  mixture  of  boneblack,  ground  palay,  and  water.  The  halves  of  the  molds  are 
placed  in  wooden  frames,  bound  close  together  with  rattan,  and  set  upon  a  pair  of 
forked  sticks  for  the  pouring.  They  are  well  illustrated  in  the  accompanying 
photographs. 

The  ore  baskets  used  in  feeding  the  furnace  are  wedge  shaped  and  are  1  foot  4  inches 
long,  1  foot  2  inches  wide,  and  6  inches  at  the  back.  The  flat  baskets  used  in  feeding 
the  charcoal  are  circular,  and  2  feet  in  diameter  and  5i  inches  high. 

The  pouring  pot,  or  ladle,  is  made  of  fire  clay,  bound  with  iron  and  furnished  with  a 
stout  wooden  handle.  Its  inner  dimensions  are  about  8  inches  and  6  inches  for  the 
larger  and  smaller  diameters,  respectively,  and  6  inches  deep.  The  few  tools,  such  as 
pokers,  stirring  rods  for  the  furnace,  and  ore  hammers  and  picks  for  the  ore  beds,  are  of 
wrought  iron. 

The  ore  beds  are  worked,  as  I  have  already  mentioned,  in  the  open  and  in  the  most 
primitive  manner.     No  system  whatever  is  followed,  save  the  very  rudest  methods  of 

stripping  "  and  Quarrying.  The  ore,  being  broken  down  by  means  of  crowbars,  picks, 
and  small  sledge  nammers,  is  carefully  hand  sorted  and  carried  by  cargadores  to  the 
smelter.  Here  it  is  reduced  to  a  uniform  size  of  about  1 J  by  1  i  by  1  i  inches  by  means 
of  a  small  cube-shaped  nammer  having  four  breaking  edges. 

The  charcoal  is  burned  near  by  by  the  smelter  men,  who  cut  the  forest  trees  of  the 
third,  fourth ,  and  fifth  groups  for  the  purpose.  They  make  an  excellent  quality  of  well 
burned  charcoal,  and  to  this  valuable  fuel  much  of  the  success  of  the  native  smelters 
is  due. 

Before  "blowing  in"  a  furnace  the  hearth  and  body  are  filled  with  glowing  fuel,  the 
air  driven  through,  and  the  furnace  well  and  evenly  dried  and  heated.  This  being 
accomplished,  the  ore  and  fuel  are  introduced  alternately,  the  proportion  for  the  pre- 
liminary stage  being  one-half  an  ore  basket,  as  above  describea,  or  metal,  to  four  full 
charcoal  baskets  of  fuel.  After  the  furnace  is  well  heated,  the  iron  reduced  and  run- 
ning upon  the  hearth,  and  the  blast  well  on,  the  normal  proportion  is  thereafter  fed  to 
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the  furnace  of  one  full  basket  of  ore  to  four  of  charcoal,  and  the  furnace  is  kept  filled, 
with  a  cone  of  heaped  charcoal  on  top.  (In  one  of  the  small  photographs  accompany- 
ing this  report  I  have  attempted  to  show  the  native  maestro  with  his  one  empty  ore 
basket  and  the  four  charcoal  baskets. )  The  air  compressor  is  worked  at  an  average  rate 
of  17  strokes  per  minute,  and  the  pressure  and  volume  seem  ample  for  the  purpose. 
The  process  of  reduction  is  comparatively  simple,  as  the  ore  is  self-fluxing  ana  the  fuel 
is  very  pure,  there  being  no  fluxes  requu-ed  whatever,  save  that  from  the  bug^  rock, 
above  mentioned.  This  reduction  is  caused  by  the  carbon  monoxide,  which  is  itself 
produced  by  the  carbon  dioxide  of  the  burning  fuel  coming  into  contact  with  the  hot 
charcogil.  The  analyses  of  the  slag  that  I  sampled  are  g[iven  in  Plate  XIII,  and  it  will 
be  noticed  that  the  simplicity  of  the  process  is  paid  for  with  a  loss  of  20  per  cent  of  metal. 

The  slageing  of  the  suica  and  alumina  with  a  certain  proportion  of  tne  iron  is  rapidly 
formed  and  escoradores  draw  off  the  slag  every  two  or  three  minutes  when  the  furnace 
is  working  well.  The  pourings  are  made  every  two  or  three  hours.  The  pouring  pot 
is  filled,  and  the  meastro  passes  down  the  line  of  molds,  with  the  pot  of  molten  metal, 
upon  which  floats  a  cover  of  burnine  charcoal;  and  he  rapidly  fills  mold  after  mold. 
The  remaining  metal  is  returned  to  the  hearth.  As  rapidly  as  the  castings  harden  in 
the  molds  the  latter  are  taken  down  and  opened,  the  castings  thrown  out,  and  the  sur- 
faces of  the  molds  are  relined  with  paint  and  prepared  for  another  pouring.  About  15 
molds  are  in  constant  use  by  one  furnace  in  gocxl  running  order,  8  of  these  for  plow- 
shares and  7  for  points. 

The  finished  product,  as  made  at  present  in  the  smelters,  is  of  the  largest  size  only  of 
plowshares  ana  points.  These  are  exhibited  in  various  positions  in  photoeraphs 
accompanying  this  report;  and  I  have  attempted  a  sketch  in  which  are  shown  the  use 
of  the  parts  on  the  Filipino  plow.  The  plowshare  of  this  largest  size  weighs  4/^  pounds. 
The  castings  are  only  mirly  good  in  quality  and  might  be  greatly  improved. 

The  expenses  and  profits  of  this  industry  are  too  variable  to  be  readily  ascertained. 
During  the  plowing  months.  May  and  June,  the  pair,  which  consists  of  a  plowshare  and 
a  point,  bring  1  peso,  and  the  Angat  people  buy  the  entire  product.  During  the  other 
months  a  large  part  of  the  product  is  sent  to  Manila  and  is  sold  here  at  the  rate  of  from 
70  to  90  pesos  per  hundred  pairs.  The  costs  of  transportation  are  variable.  Seftor 
Suarez  pays  the  cargadores  1  real  for  each  pair  carried  from  the  smelter  to  Angat, 
and  as  each  averages  about  eight  pairs  he  makes  8  reals  or  1  peso  for  the  round  trip  of 
about  15  miles.  When  the  rcwwls  are  good  it  costs  4i  pesos  to  get  100  pairs  to  Manila; 
when  they  are  bad,  as  in  the  rainy  season,  it  costs  7  pesos.  Because  of  the  shortage  of 
labor,  at  the  wages  Seftor  Suarez  can  afford  to  pay,  he  informed  me  that  he  can  not  get 
enough  men  to  keep  even  one  furnace  in  bls^st.  He  said  that  he  would  work  three 
furnaces  if  he  could  get  the  men.  During  my  visit  he  complained  that  we  Americans 
overpaid  native  labor  throughout  the  islands  and  that  native  employers  with  limited 
plants  could  not  compete  for  labor.  As  it  is  he  must  blow  out  his  furnace  from  time  to 
time  to  put  his  limited  force  to  cutting  timber  for  charcoal,  to  the  making  of  molds, 
tuyeres,  and  other  supplies,  and  to  general  repair  work.  He  estimated  four  months* 
smelting  a  year  as  good,  that  is,  producing  from  2,000  to  3,000  pairs  each  month;  four 
months,  as  medium,  or  producing  from  1,500  to  2,000  pairs,  and  four  months,  during 
which  time  the  furnace  is  largely  out  of  blast,  as  poor,  or  producing  from  800  to  1,000 
pairs. 

The  laborers  required  for  one  furnace  are  almost  as  many  as  for  two  and  are  2  maestros 
or  foremen,  who  have  general  charge,  1  escribiente,  or  clerk,  2  escoradores,  or  slagmen, 
who  also  act  as  brajenantes^  or  molders,  4  heladores,  or  blowers,  and  from  4  to  7  other 
common  laborers  who  obtain  and  prepare  the  ore  and  fuel.  These  men  are  "found" 
and  are  paid  by  the  amount  produced,  the  unit  being  60  carabao  loads  of  20  pairs  each. 
Seftor  Suarez  told  me  that  the  food  he  gave  the  men  depended  upon  the  Quantity  and 
quality  of  their  work,  and  that  when  everything  was  running  well  and  the  output 
steady  and  large  he  fed  them  with  the  best  he  could  buy.  He  estimated  that  the  cost 
to  him  in  food  and  wages,  for  men  enough  for  one  furnace,  averaged  about  60  pesos  a 
month  during  the  working  season,  or  about  40  pesos  through  the  year,  and  that  the 
variation  was  between  20  and  100  pesos.  His  annual  taxes  during  the  Spanish  regime 
were  115  pesos  to  the  General  Government  and  48  pesos  to  the  pueblo  of  Angat.  He 
seemed  much  concerned  over  the  cost  that  his  fuel  would  be  to  him  under  the  present 
Forestry  Regulations.  He  stated  that  he  cut  only  the  cheaper  grades  of  trees  for  char- 
coal, and  yet,  upon  looking  over  the  taxes  imposed  at  the  present  scale,  he  said  that  he 
would  be  compelled  to  shut  down  if  he  were  forced  to  pay  the  full  amount.  I  could 
get  no  statistics  whatever  upon  this  subject  of  the  cost  of  his  fuel,  and  this  is  a  matter 
of  regret  to  me  because  it  is  a  most  essential  factor  in  the  operation  of  furnaces  in  this 
reeion  upon  a  larger  scale. 

With  the  above  incomplete  data  I  have  attempted  to  form  some  sort  of  estimate  of 
the  profits  of  one  furnace,  run  under  unfavorable  conditions.     With  more  furnaces 
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and  improved  methods  the  profits  would  correspondingly  increase.  One  aeat  diffi- 
culty in  the  attempt  at  an  estimate  b  the  division  of  product  as  to  place  ci  sale,  the 
profits  being  greater  when  the  plowshares  are  sold  in  Angat.  The  following  is  intended 
to  be  more  suggestive  than  accurate. 

Eiiimatt  ofprofiUfrom  one  bla$t  furnace. 

Mexican  currency* 

Sale  of  6,000  pairs  in  Angat  at  $0.90 $5, 400. 00 

Sale  of  14,000  pairs  in  Manila  at  $0.76 10, 500. 00 

Annual  receipts 15, 900. 00 

Transportation  of  6,000  pairs  to  Angat  at  $0.12J 750.00 

Transportation  of  14,000  pairs  to  Manila  at  $0.70 9, 800. 00 

Wages  and  food  for  employees  for  20,000  pairs 1, 000. 00 

Taxes  under  Spanish  regime 163. 00 

Annual  expenditures 11, 713. 00 

Annual  profits 4, 187. 00 

In  the  above  no  account  has  been  taken  of  cost  of  mine  and  plant. 

The  latter^  of  course,  costs  very  little  indeed.  There  is,  and  has  been,  so  much  un- 
fortunate litigation  ana  quarreling  over  these  mines  and  camarines  that  no  data  on  t  hv 
subjects  were  obtainable. 

It  would  seem  that  if  a  market  could  be  assured  for  a  large  output  of  these  plow- 
shares and  other  castings,  or  of  pig  iron  of  high  grade,  if  charcoal  can  be  had  at  reason- 
able rates  or  if  our  islands  can  furnish  liraite  of  a  quality  to  give  good  producer  gas,  if 
the  transportation  rates  can  be  materisuly  reduced,  and  if  competent  labor  can  be 
secured,  that  a  larg^e  modem  furnace  smelting  the  best  of  these  ores  could  operate  at  a 
handsome  profit  to  its  owners.  I  am  inclined  to  think  that  the  above  conditions  can  be 
satis^torily  settled  and  that  there  is  a  future  for  the  iron  industry  in  the  Philippines. 

Herewith  1  give  the  only  statistics  available  of  iron  production  in  Bulacan.  The 
information  is  for  the  year  1884  and  was  furnished  by  the  governor  of  Bulacan  on 
February  4,  1886. 

Statistics  of  iron  production  in  Bulacan^  1884. 


Poebloii. 


Number  of  Number  of 
furnaces,  iplowshares. 


San  Miguel 3  20.000 

SanMiguel I  2  i  10,000 

Angat •  2  12,000 

Angat I  1  1  8.200 

Angat I  8,200 


Total i  9  ;         58.400 


Number  of 
operatives. 


25 
10 
18 
14 
14 


81 


Of  the  remaining  factors  in  the  mineral  industry  of  Bulacan,  unfortunately  but  little 
could  be  learned.  This  province  has  undoubtedly  produced  some  placer  gold  in  past 
years,  but  no  statistics  wnatever  are  available.  Some  months  ago  a  prospector  showed 
me  several  ounces  of  rather  coarse  placer  gold  that  he  said  came  from  the  hills  of  Bula- 
can, but  he  offered  no  information  whatever  as  to  the  location.  This  reticence  at  that 
time  was  of  course  most  natural ;  there  was  then  absolutely  no  legal  protection  whatever 
for  these  men  in  their  finds.  Several  prospectors  whom  I  met  in  Bulacan  told  me  that 
they  had  washed  the  sands  of  many  of  the  streams,  but  had  found  nothine  excepting  in 
the  hills  to  the  north  of  Norzagaray ,  where  there  was  some  placer  gold .  My  guides  fre- 
quently spoke  of  gold  in  the  streams,  but  their  descriptions  were  too  va^e  to  be  of  any 
worth.  JW  Fajardo  told  me  that  a  small  sapa,  or  stream,  emptying  into  the  Angat. 
just  above  the  town  of  that  name,  carried  ^old,  and  that  he  liad  staked  out  several 
claims.  He  also  said  that  the  Sapa  Apo,  which  was  very  indefinitely  described,  at  one 
time  carried  a  great  deal  of  gold.  And  so  there  are  rumors,  and  tales  that  are  told,  but 
of  definite  information  there  is  nothing.  The  purposes  of  my  survey  were  either  unin- 
tentionally or  willfully  misunderstood  by  some  of  the  American  prospectors,  and  I 
therefore  made  it  a  point  to  confine  myself  to  information  that  I  could  readily  obtain 
without  misunderstanding  of  any  kind,^  knowing  that  professional  prospectors  are  the 
best  seekers  after  gold,  and  that  meir  discoveries,  under  the  protection  of  mining  laws, 
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would  soon  furnish  the  information  desired.  I  fully  expect  to  hear  of  discoveries  of 
both  placer  and  auartz  claims  in  the  upper  hills  of  Bulacan. 

Graphite  pebbles  were  found  by  me  in  the  bed  of  the  Pangisijan  Creek,  near  Mount 
Tucod.  No  further  evidences  of  a  deposit  was  obtained,  although  I  examined  the 
headwaters  rather  carefully  for  them .  Among  the  metamorphic  rocks  of  the  cordillera 
there  probably  exists  deposits  of  this  valuable  mineral. 

Lignite  of  a  very  infenor  grade  and  in  thin  seams  has  been  formed  in  the  shales  of 
Bulacan.  I  saw  two  of  these  seams,  one  at  the  barrio  Sampaloc,  in  the  shales  exposed 
by  the  Ba^bas,  and  one  on  the  upper  Sapa-Santol.  They  were  absolutely  valueless, 
neither  being  more  than  a  few  inches  thick.  An  inferior  lignite  is  also  foimd  in  the 
arrojro  Laguio  Malaqui,  near  Norzacnray.  No  coal  mining  has  ever  been  done  in  this 
province,  and  no  concessions  for  coal  have  ever  been  CTanted  here.  The  importance  of 
a  good  lignite  in  Bulacan,  capable  of  furnishing  prooucer  gas  for  future  iron  smelting, 
can  not  be  overestimated.  In  Rizal  Province,  under  conditions  similar  somewhat  to 
those  in  Bulacan,  an  excellent  gas-making  coal  has  been  discovered  in  quantity.  It 
is  possible  that  such  deposits  may  yet  be  found  imder  the  coral  limestone  formations  of 
Bulacan.  It  is  notable,  in  this  connection,  that  no  valuable  coal  has  yet  been  discov- 
ered in  the  mountains  east  of  the  plain  of  central  Luzon,  with  the  single  exception  of 
reported  finds  near  Baler,  on  the  Pacific  coast. 

Building  stone  of  good  grade  and  great  beauty  can  be  quarried  from  the  crystalline 
rocks  of  the  range.  The  tonalites,  or  the  fine-grained  quartz-diorites,  and  the  aplite, 
would  make  handsome  stones,  capable  of  receiving  high  polish.  The  development  of 
this  industry,  however,  must  indefinitely  await  a  demand  for  the  stone  and  for  better 
transportation  facilities. 

Vast  ouantities  of  limestone  are  available  in  Bulacan  for  use  as  road  metal,  as  furnace 
flux,  as  Duilding  stone,  and  for  the  working  of  lime.  The  latter  is  the  only  purpose  for 
which  limestone  is  now  used,  and  this  branch  of  the  mineral  industry  is  practiced,  as 
far  as  I  could  learn,  at  Banaban^  only,  on  the  Bayabas  River,  near  Angat,  the  ran^ 
of  hills,  of  which  Mount  Pecote  is  a  prominent  part,  showing  extensive  exposures  of  a 
fine-grained,  cream-colored  limestone  on  their  western  slopes.  This  rock  is  not  regu- 
larly Quarried,  but  the  large  slabs  and  bowlders  of  the  rock  Ivin^  on  the  surface  of  me 
cTound  are  broken  and  carried  to  the  kiln  at  Banabang,  a  half  mile  to  the  west.  This 
limekiln  is  fired  up  only  when  there  is  a  sufficient  demand  in  Angat  or  in  some  of  the 
other  towns  for  several  hundred  pounds  of  lime.  It  is  owned  and  operated,  I  was 
informed,  by  five  natives,  residents  of  Angat.  TheSe  partners  in  the  ousiness  do  all 
the  work  of  obtaining  and  hauling  the  stone  and  fuel,  and  of  digging  and  puddling  the 
clay  required  for  building  up  the  sides.  There  is  therefore  no  expense  for  labor,  and,  as 
they  pay  nothing  for  either  stone  or  clay,  the  expense  account  is  practically  that  of  the 
f uel .  The  native  operators  use  dried  bamboo  stal  ks  for  fuel ,  and  they  say  that  by  bum- 
ine  these  they  can  obtain  a  hotter  fire  than  with  wood  or  charcoal.  The  stalks  are  cut 
in  lengths  of  4  feet  and  are  piled  like  cord  wood  near  the  kiln.  The  unit  of  measure- 
ment and  of  payment  is  the  "talacsan,'*  which  is  1  vara  long,  1  vara  high,  and  4  feet 
wide.  The  requirement  for  one  firing  is  60  '  *  talacsans, ' '  which  cost  1  peso  each.  The 
average  product  of  lime  in  one  firing  is  300  cavans,  or  about  640  bushels.  The  lime  is  of 
excellent  erade,  and  now  sells  in  the  towns  for  a  peso  a  cavan,  whereas  in  the  days  of  the 
Spanish  r%ime  it  brought  but  a  peseta  a  cavan.  Therefore  for  one  firing,  producing 
300  cavans,  worth  a  peso  each,  the  total  cost  of  which  amount  is  60  pesos,  the  profit  is 
evidently  300—60=240  pesos.  This  divided  among  five  men  yields  48  pesos  each  for 
15  days  of  work.  There  is  apparently  a  comfortable  profit  to  the  owners  in  this  small 
business.  The  lime  made  by  them  is  fine  and  white,  and  has  a  very  good  reputation  in 
the  towns,  and  is  in  fair  demand.  It  has  not  been  used  in  agriculture,  so  far  as  I  could 
learn. 

The  process  is,  of  course,  a  very  simple  one.  The  limestone,  or  calcium  carbonate, 
bein^  properly  heated  in  a  partially  closed  oven,  gives  up  its  carbon  dioxide,  and 
remains  as  calcium  oxide.  A  sketch  is  shown  herewith,  exhibiting  the  principal 
dimensions  of  the  kiln.  The  body  of  the  oven  is  below  the  surface  of  me  cround,  as  is 
the  firing  box.  The  hole  from  which  the  lime  is  taken  opens  upon  the  oank  of  the 
stream  just  above  the  road,  so  that  loading  upon  carts  is  readily  facilitated.  The  red 
clay  du^  from  the  fields  is  puddled  by  foot.  The  slabs  of  stone  are  pQed  in  the  form  of  a 
hive,  wi^  a  hollow  space  within  and  with  an  opening  into  the  firebox.  When  the 
arrangement  is  complete,  the  outer  surface  is  covered  with  straw  for  3  or  4  inches,  and 
over  this  is  carefully  plastered  the  clay  to  the  same  thickness,  with  a  series  of  holes 
through  the  shell  for  draft.  The  draw  hole  is  then  tamped  with  clay,  the  kiln  is  gradually 
heated,  and  finally  the  proper  degree  of  heat  is  obtained  and  continued  to  the  end  of  the 
operation.  The  araw  nole  is  opened  from  time  to  time  for  the  removal  of  the  ashes. 
The  firing  requires  ei^ht  days  and  nights  of  continuous  attention,  and  the  preparation 
for  each  burmng  requires  seven  days  of  labor.  There  were  formerly  two  kilns  m  opera- 
tion at  Banabang,  but  at  the  time  of  my  visit  there  was  but  one. 
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CONCLUSION. 


Before  concluding  this  report  I  wish  to  repeat  my  appreciation  of  the  work  of  Mr. 
Martin,  the  photographer  of  the  bureau  of  government  laboratories,  whose  photo- 
graphs accompany  this  report.  Mr.  Martin's  work  speaks  for  itself,  and  it  is  a  pleasiu^ 
to  record  the  fact  that  with  him  exist  the  combination  of  exceptional  ability  and 
devotion  to  the  good  of  the  public  service. 

Should  the  government  ever  take  steps  toward  the  setting  aside  of  certain  public 
lands  as  parks,  in  order  to  preserve  whatever  unusual  natuml  beauty  may  be  found 
therein,  I  beg  to  call  attention  to  the  Puning  Cave  and  that  part  of  the  valley  of  the 
Puning  Creek  immediatelv  adjacent. 

In  summing  up  the  geology  of  Bulacan  I  refer  again  to  the  fact  that  the  cnrstalline 
massive  rocks  have  been  found  in  place  in  the  cordillera,  which  fact  connrms  the 
hyijothesis  of  Itier  and  Von  Drasche,  and  which  settles  a  point  apparently  in  doubt 
during  the  compilation  of  the  "Geology  of  the  Philippine  Islands,"  by  Prof.  G.  F. 
Becker,  of  the  United  States  Geological  Survey.  I  further  call  attention  to  the  findins^ 
of  a  vegetable  fossil,  encased  in  a  pebble  in  the  stream  bed  of  the  Bayabas.  which,  1 
believe,  is  the  oldest  fossil  in  point  of  geological  history  yet  discovered  in  tne  Philip- 


pines.    It  apparently  points  back  to  the  eajcly  Mesozoic,  possibly  to  the  Paleozoic. 

The  mineral  resources  of  the  province  have  been  as  fultv  discussed  as  time  and  the 
data  obtainable  would  permit.  The  interesting  method  of  smelting  the  iron,  which  is 
over  a  century  old,  and  the  origin  of  which  I  have  not  ascertained,  is  fairly  well 
illustrated  by  sketches  and  photographs. 

For  ready  reference  I  have  given  lists  of  illustrations  and  photographs  and  a  skeleton 
index  of  the  report. 

In  conclusion,  I  beg  to  express  the  hope  that  this  preliminary  field  work  may  but  be 
the  first  of  many  surveys  and  studies  to  be  prosecuted  by  this  bureau;  that  the  future 
work  may  be  broadened  and  its  usefulness  increased  by  an  added  force  to  the  per- 
sonnel, so  that  with  a  division  of  labor  a  much  greater  amoimt  of  work  can  be  performed ; 
and  that,  finally,  the  earnest  efforts  to  make  the  results  of  this  first  survey  of  value 
may  have  so  far  been  successful  that  encouragement  may  result  for  extensive  work 
in  the  future  in  the  study  and  development  of  the  mineral  resources  of  the  Philippine 
islands.  Capitalists  are  always  willing  to  pay,  and  to  pay  well,  for  mines,  quarries, 
or  other  mineral  deposits  that  they  know  to  be  of  worth;  the  discovery  and  develop- 
ment of  these,  fair  and  honest  reports  upon  them,  and  inducements  to  capital  to  invest 
in  them  will  result  in  laigely  increasea  business  in  these  blands,  in  better  transpor- 
tation, in  better  wages,  in  a  natural  pride  on  the  part  of  the  natives  in  the  value  of  the 
metallic  wealth  hidden  in  their  hills,  and  finally  in  such  an  increase  in  industrial 
prosperity  as  could  never  have  been  known  had  not  the  capital  and  brains  of  the 
outside  world  been  invoked  to  that  happy  end. 

Respectfully  submitted. 

Hiram  Dryer  McCaskey,  B.  S., 
Mining  Engineer  for  the  Mining  Bureau. 


Mineral  medicinal  springs  of  Bulacan. 


Density  at  760  mm.  pressure, 

0«C 

Temperatures  of  waters  and  air: 

Water degrees  C 

Air do.... 

Flow  per  second liters. . 

Comnosition  of  water: 

Nitrogen,  grammes  per 
liter 


Oxygen.. grammes  per  liter.. 

Chlorine do 

Sulphuretted       hydrogen, 

grammes  per  liter 

Carbonic  acid,  grammes  per 

liter 

Sulphuric    acid,    grammes 

Eer  liter 
cic  acid,  grammes  per 

liter 

Phosphoric  acid,  grammes 
per  liter 


San  Rafael, 
San  Miguel 
de  Mayumo. 


a  996443 


26.6 
73.00 


.026900 
.002812 
.029752 

.001175 

.420404 

.007049 


Santa 

Matilde. 

San  Miguel 

de  Mayumo. 


1.004637 


30 
26.5 


.025788 
.005240 


.001947 
.531667 
.015107 
.014600 


San  Jos^, 
San  Miguel 
de  Mayumo. 


1.004170 


27 


.012689 
.004366 
.037537 


.357960 
.024034 
.012200 


Dilaln, 
Norzagaray. 


1.007789 

26 

26.5 

26 


.021119 
■4.' 366574' 
.032461 
.221680 
.045664 
.010400 
.000200 


San  Mariano, 
Norzagaray. 


1.001062 

2a5 

26 
.T! 


.002130 
.418578 

.001622 

.424000 

.013047 

.019600 
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Composition  of  water— Cont'd. 
Ferrous  oxide,  grammes  per 

Uter ,.., 

Ferric  oxide,  gramjnes  per 

liter 

Aluminium  oxide,  grammes 

per  liter 

Calcium    oxide,    grammes 

per  liter , , 

Magnesium  oxide,  grammes 

per  liter 

Sodium  oxide,  grammes  per 

liter ,.. 

Potassium  oxide,  grammes 

per  liter 

Organic  matter,  granmies 

per  liter , 

Fixed  residue,  grammes  per 

liter 7. .„. 


Classification. 


San  Rafael, 
San  Miguel 
de  Ma^mo. 


Traces. 


0. 206456 
.022691 
.022714 
.002131 
Traces. 
.472300 


Hypother- 

mal. 
Sulphydrlc. 
Calcium  bl- 
carbonated 
Nitrogena- 

ted. 


Santa 

Matilde, 

San  Miguel 

de  Mayimio. 


0.012400 
.023200 
.180656 
.053886 
.043453 


.574000 


Hypother- 

mal. 
Sulphydrlc. 
Calcium  bl- 
carbonated 
Nitrogena- 

ted. 


San  Jose, 
San  Miguel 
deMayumo. 


0.015200 
.006800 
.190400 
.036021 
.020561 


Traces. 
.481000 


Hypother- 

mal. 
Ferruginous 
Blcaroona- 

ted. 


DUain, 
Norzagaray. 


a0O260O 
.161200 

1. 162673 
.270161 

2.222973 
.025042 
Traces. 

7.346000 


San  Mariano, 
Norzagaray. 


0.065600 
.006000 
.  213919 
.030018 
.268349 


Traces. 
1.066000 


Hypother- 

mal. 
Sulphydrlc. 
Soaium  cal- 
cium chlor- 
inated. 
Nitrogena- 
ted. 


Hypother- 
mal. 

Sulphydrlc. 

Calcium    bl- 

carbonat^'d. 

Sod  i  u  ni 
calcium 
chlorina- 
ted. 


Analyses  of  some  iron  ores,  jurisdiction  of  AngaUBulacan, 
[By  Mr.  Paul  L.  Stangl,  analytical  chemist,  bureau  government  laboratories,  Manila.] 


FeO... 
Fe«Oa. 
MnO.. 
CaO... 
MgO.. 

aCo,. 

FeSt. . 
COi... 
IljO... 
SiOj... 

p«o».. 

TiOj. . 
CoO.. 


No.  1,  hem- 
atite. 


No.  3,  hem-  No.  4,  mag- 
atite.  netite. 


Per  cent. 

1.922 

88.225 


Per  cent. 
5.143 
65.862 


No.5  A, hem- 
atite and 
pyrites. 


Per  cent. 
32.344 
48.601 


Per  cent. 
4.720 
48.078 


No.bB. 
hematite. 


Per  cent. 
2.570 
84.215 


Total. 


.126 

.183 

6.523 


.010 

.041 

2.240 

Trace. 

.770 


&040 
1.513 
10.100 
a  754 


.370 
6.719 

.243 

Trace. 

1.039 


Trace. 

1.311 

15.310 

Trace. 

Trace. 

.035 

2.184 

.053 

.106 


1.930 

.465 

12.200 

14.667 

.032 

a  212 

14.137 

.143 

.513 


100.040 


99.983 


100.064 


100.087 


Note: 

No.  1.  Micaceous  ore  from  HUon  mine.    Soft  and  unctuous  at  outcrop. 

No.  3.  Compact,  brittle.    Luster  metallic.    From  Constancia  mine. 

No.  4.  Crystalline,  massive.    Constancia  mine. 

No.  5  A.  Second-class  ore.    Upper  bed  mixed  with  pyrites.    Constancia  mine. 

V.o.  6  B.  First-class  ore.    Lower  portion.    Constancia  mine. 


.250 

.093 

8.670 

Trace. 

Trace. 

.340 

a  853 

Trace. 

Trace. 


99.991 
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Assays  of  iron  ores  made  in  the  laboratory  of  the  impeodSn  de  MinaSy  Manila,  P.  I. 


Location. 


Hison. 
Hison. 


Town. 


Angat. 
— do. 


Province. 


Bulacan. 
....do... 


.do. 


Santa  Lutgarda... 

Do ' do. 

Constancia do . 


.do. 


.do. 
.do. 


Deacriptlon  of  mineral. 


Fine  grained,  black 

Granular    mlcaoeotu, 

black. 
Foliated.  Caloose  red- 
dish. 
Fine  grained,  reddiah. . 
Reticulated,  white  (7) 
black. 

Bato-balaln I  Paracalc Camarines |  Compact,  black 

Montamuro j  Angat Bulacan ,  Tine  grained,  black 

Rio  Lanatin Bosoboso ,  Morong (Compact,  blackish 

Sapang-Bacal I  8.  Miguel Bulacan oo 

Calambayungan ...   Mambulao Camarines Compact,  brown-black 

Do do do Compact,  blackish 

Santa  Ynes Bosoboso Morong Compact 


Streak. 


Black 

....do 

Violet-black.. 

Brown-red 

Black 

Black-brown.. 

Black 

Black-brown.. 

Violet 

Brown-ied  . . . 
Brown-yellow 
Chocolate 


MetaUic 
iron. 


Percent. 
(S.47 
60.45 

67.48 

0&51 
60.34 

68.08 
67.48 
66.06 
66.00 
65.33 
63.84 
53.41 


Note.— This  table  is  presented  translated   as  it  occurs  in  the  laboratory  record  of  the  Spanish 
Inspeccldn  de  Minas. 

Analyses  of  some  limestones,  jurisdiction  of  Angat- Bulacaji. 
[By  Mr.  Paul  L.  Stangl,  anal>^ical  chemist,  bureau  of  governmeut  laboratories,  Manila.] 


CaO 

MgO 

AhOi 

FeO 

FetOi 

SiOt,  soluble 

SIOi,  insoluble « . 

CO. 

PiO» 

S 

HtO 

Organic  matter 

MnO 

BaO 


No.  8. 

No.  9. 

No.  13. 

Per  cent. 

Per  cent. 

Per  cent. 

48.8830 

52.4230 

43.7160 

1.0064 

2.1308 

a  8641 

6.8530 

.5736 

a  0727 

.1134 

.2650 

.4540 

.2270 

None. 

.1586 

.2920 

.1420 

1,2610 

.4130 

7.3730 

30.6685 

42.2200 

37.7958 

.5330 

.1212 

.5907 

.1020 

.1734 

.2421 

.2000 

.2600 

1.0300 

.2420 

.4320 

1.1270 

.2030 

None. 

.3030 

.3689 

1.1699 

None. 

Total. 


99.9532 


100. 3138 


100.0600 


Note: 

No.  8.  Santa  Margarita  spring,  Bayabas  River. 

No.  9.  Banabang,  Bayabas  River. 

No.  13.  Santa  Margarita  spring,  Bayabas  River. 

Analyses  of  blastfurnace  slag,  jurisdiction  of  Angat- Bulacan. 
[By  Mr.  Paul  L.  Stangl.  analytical  chemist,  bureau  of  government  laboratories.  Manila  ] 

Qualitative  analysis  gave  following  constituents:  As,  Fe,  Mg,  Al,  Ca,  SiOj,  C,  S,  P, 
CI,  Na,  K,  Mn. 

Mechanical  separation  gave  1.6525  per  cent  metallic  iron  embedded  in  slag  as  gran- 
ules and  a  large  amount  of  carbon  in  form  of  charcoal. 

Quantitative  analysis  gave:  SiOa,  42.028  per  cent;  MgO,  2.310  per  cent;  AljO, 
23.583  per  cent;  Fe,  19.2122  per  cent  (calculated  as  Fefi^,  27.446  per  cent). 

Note. — This  slag,  taken  as  representative,  from  the  slag  heap  of  the  Santiago 
Camarin  is  of  a  vitreous  green  appearance,  containing  embedded  pieces  of  charoMil 
and  granules  of  iron,  and  shows  imperfect  fusion  and  great  loss  of  metal. 
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Analyses  q/*  same  clays,  jturisdiction  of  Angat'Bulacan. 
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[By  Mr.  Paul  L.  Stangl,  analytical  chemist,  bureau  of  govemmeDt  laboratories,  Manila.] 

No.  6. 

No.  11. 

No.  12. 

SIO« 

Percent. 

60.08 

4.10 

Trace. 

2.64 

Percent. 

74.60 

2.92 

Trace. 

2.61 

1.79 

Trace. 

16.17 

.63 

Trace. 

2.43 

Percent. 
6a  24 

CaO .  . 

.47 

UgO 

.06 

fSos 

4.16 

Mno";;.:. ::.:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

Trace. 

TiOt 

Trace. 

21.67 

.46 

.04 

2.63 

AliOa .       . 

20.06 

kiSl:::..^::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

1.44 

Na«0 

3.18 

H^:;;..;::::::::::;:::::::::::::::::::::::::::::::::::::::::::::::::::: 

11.27 

Total 

100.62           00.95 

10a86 

Note: 
No. 


Constanda,"  camarin,  cream  white,  showing  free  quartz. 
No.  11.  "Ck>n8tancia,"  camarin,  cream  white,  showing  free  quartz. 
No.  12.  **Ck)nstancia,"  camarin,  light  brown,  for  brick. 
These  clays  are  used  in  the  making  of  furnaces,  tuyeres,  and  molds. 

Analyses  of  a  diabase  and  of  the  "  buga^^  sandstone. 
[By  Mr.  Paul  1>.  StangI,  analytical  chemist,  bureau  of  government  laboratories,  Manila.] 


No.  7,  diabase. 


No.  2,  "buga" 
sandstone. 


Acid  sol- 
uble. 

T^*«i      Acid  sol- 
T^^»'-  1     uble. 

Total. 

siOt 

46.63 

.   . 

86.91 

AliO* 

16.60 
3.96 
2.24 
3.46 
.56 

24.73 
4.06 
2.24 
&03 

.57 
7.80 

.97 
4.97 

1.01 
.12 

1.07 
.62 

3.92 

FesOs 

.25 

FeO 

1.07 

CaO 

3.26 

MgO 

12 

MasO 

1.96 

So ....::...:: . 

1  66 

Loss t 

.86 

Total 

26.80 

100.00 

2.72 

loaoo 

Note: 

No.  7.  Fine  grained,  Sampaloc,  Bayabas  River. 

No.  2.  Cream  brown,  Buga  Mountain,  near  La  Mesa  Barrio. 

NoTB. — ^The  following  illustrations  accompanying  this  report  are 
War  Department: 

PHOTOGRAPHS. 

Plate  A.  Camps  of  the  Survey. 

B.  Transportation  of  the  supplies. 

C.  Native  maestroj  with  ore  and  fuel  baskets.     Furnace  in  blast. 

D.  Limestone  beds.     Bayabas  River  above  Santa  Margarita  Spring. 

E.  The  same  as  D.     Nearer  view. 

F.  The  "trail"  up  a  branch  of  the  Maon  Creek  to  Hison  mine. 

G.  The  bed  of  ore  at  the  Hison  mine. 

H.  The  bed  of  ore  at  the  Otayco  (Constancia)  mine. 

I.  Camp  Burritt. 

J.  Nearer  view  of  ore  bed  of  Constancia  mine. 
K.  Folded  limestones  and  shales.     Bayabas  River,  La  Mesa. 
L.  Ore  beds  of  old  Hison  mine. 

M.  Preparation  for  charcoal  burning.  Suarez  camarin. 
N.  Face  of  stripping  to  uncover  ore  bed.  Hison  mine. 
O.  Ore  bed.    Constancia  mine. 

P.  Hills  and  plain.    From  Mount  Calabaza  toward  Manila. 
Q.  The  Otayco  camarin. 
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Plate  R.  Interior  of  Suarez  camarin  showing  tuyeres  and  molds. 

S.  Interior  of  Santiago  camarin.     Piston,  tuyeres,  and  blower. 
T.  Interior  of  Puning  Cave. 
U.  Plow  point  in  center.     Shares  of  two  sizes. 
V.  Same  as  U. 
W.  Same  as  U,  back  view. 

X.  Looking  down  Bayabas  Valley  fn)m  I^  Mesa  Barrio. 
Y.  La  Mesa  Barrio. 

Z.  Panorama  from  Mount  Maquina  looking  northeast  and  east.    Mount  Cutad 
to  the  left,  Mount  Puning  in  the  center.     General  view  of  La  Mesa  Basin. 

AA.  Panorama  from  Mount  Maquina  looking  northwest,  west,  and  southwest. 

Mount  Tugod  to  the  right.     Mount  Sampaloc  to  the  left.     Angat  River 
and  Plain  to  extreme  left  beyond  range  of  hills. 

AB.  Panorama  from  lower  point  on  Mount  Maquina,  showing  Mount  Sampaloc 

to  the  right,  Mount  Pecote  in  center,  and  Mount  Balite  in  left  foreground. 

AC.  Mount  Tincugan  from  Mount  Calabaza. 

A  I).  Mountains  and  forests.     From  Mount  Calabaza  hK)king  oast  to  Mount  Pilong 
Pilong. 

AE.  Panoramic  view  of  Angat  River  from  north  l)ank,  looking  toward  town. 

AF.  Limestone  bowlders  in  Bayabas  River  just  below  Can)p  Burritt. 

AG.  Limestone  nx-ka  in  part  in  place.     Bayabas  River. 
AH.  Trail  on  Mount  Calaoaza  leading  into  forest. 

AI.  Preparations.for  charcoal  burning.     Suarez  camarin. 

A  J.  Bulacan  blast  furnace.     Blower  removed. 

AK.  Santiago  camarin  on  Constancia  claims. 

AL.  Entrance  to  Puning  Cave. 

AM.  Camarin  of  Maria  Fernando,  in  course  of  construction 

AN.  Molds  for  casting  plow  points.     Suarez  camarin 

AO.  Tilted  limestone  beds.     Bayabas  River  acn)ssthe  strt^m  fmm  Sant4i  Mar- 
garita Spring. 

MAPS   AND   SKETCHES. 

Plate  1.  Map  showing  the  iron  region  of  Bulacan. 

2.  Map  of  the  vicinity  of  Sibul,  San  Miguel  de  Mayumo. 

3.  Map  showing  location  of  the  springs  of  Sibul. 

4.  Sketch  of  limekiln,  Banabang,  Bulacan. 

5.  Sketch  of  a  Bulacan  iron  camarin. 

6.  Sketch  of  a  Bulacan  blast  furnace. 

7.  Sketch  of  furnace  showing  blower  or  air  compressor. 

8.  Sketch  of  Filipino  plow,  showing  share  and  point. 


(From  Summary  of  Commerce  of  the  Philippine  Islands,  September,  1003,  p.  253.) 
IIINERAL  DEPOSITS  OF  LEFANTO  FROVINCE. 

The  following  Is  a  peneral  niluern logical  report  of  the  Mancayan  and  Suyoc 
mining  districts  in  the  province  of  Lepanto,  made  by  Mr.  Albert  P.  Wright, 
mineral  collector  for  the  Philippine  exposition  board : 

The  mining  possibilities  of  this  section  are  the  best  known  of  any  mining 
zone  in  the  archipelago.  It  has  produced  more  copper  and  gold  than  any  other, 
and  that  from  the  mere  surface.  It  has  had  a  reputation  as  a  mining  region 
for  centuries,  and  yet  no  one  knows  anything  of  the  ore  deposits  below  a  depth 
of  100  feet  At  Mancayan  some  crude  and  unsuccessful  attempts  have  been  made 
at  legitimate  development  by  the  owners  of  the  Mancayan  copper  mine,  but 
the  archaic  manner  in  which  the  work  has  been  done  leaves  the  field  of  deep 
mining  virgin.  There  is  probably  no  other  field  in  the  world  of  like  extent 
that  shows  such  strength  of  mineral  outcropplngs  as  does  the  mineralized  zone 
extending  from  some  2  miles  north  of  Mancayan  to  2i  miles  south  of  the  barrio 
of  Suyoc,  a  distance  of  about  7  miles.  The  ledges  are  strong,  standing  up  in 
places  more  than  100  feet  above  the  surface,  and  carrying  mineral  for  their 
entire  exposures. 

The  Igorots,  who  are  natives  of  this  section  and  who  have  followed  mining  as 
far  back  as  their  traditions  go,  have  mined  both  gold  and  copper  on  this  belt 
for  more  than  three  hundre<l  years.  It  is  ImiK)ssIble  to  even  guess  at  the  valuo 
of  their  outputs,  as  no  statistics  have  been  kept  save  from  1840  to  1855.  During 
these  fifteen  years  tliey,  according  to  the  records,  exiK)rted  annually  20  tons  of 
copper  pots,  pipes,  and  other  utensils  peculiar  to  their  own  make.  They  have 
been  doing  this  for  time  inimemorinl,  and  as  they  have  supplied  the  whole 
I)opulation  of  north  f^uzou  with  copi)er  vessels,  siiears,  and  trinkets,  it  almost 
staggers  the  imagination  to  undertake  even  to  guess  their  gross  output.  All  this 
product  has  been  taken  from  the  surface  croppings  of  the  veins  and  ledges  in 
these  two  districts.  Their  tools  and  methods  of  reduction  were  necessarily 
crude,  and  sustalnetl  at  all  times  a  loss  of  at  least  20  per  cent  in  smelting. 
However,  these  little  industrious,  peaceful,  painstaking  children  of  the  pines, 
whatever  may  be  said  as  to  their  religion  and  imkempt  and  squalid  habits, 
have  developed  a  high  skill  in  the  working  of  metals  and  great  genius  in  the 
extraction  of  ores  on  and  near  the  surface.  They  are  not  only  copper  miners 
and  copper  workers,  but  they  are  yet  more  skillful  in  the  prospecting  for  gold- 
bearing  veins,  the  extraction  of  the  ores,  and  the  smelting  out  and  saving  the 
gold.  They  build  reservoirs  on  the  high  mountains,  and  in  the  rainy  season 
when  water  is  plentiful  they  direct  the  water  in  ditches  from  head  gates  to 
the  gold-bearing  veins,  and  with  the  enormous  pressure  they  get  tear  and  wash 
down  to  the  canyons  below  millions  of  tons  of  stone  and  earth,  and  at  the  same 
time  loosen  and  break  out  the  closely  Inclosed  gold-bearing  quartz.  The  water 
is  turned  off,  the  quartz  carefully  selecteti  out,  taken  to  their  stone  mills, 
crushed,  and  then  the  concentrates  separated  by  washing  in  a  pan  made  from 
the  bark  of  a  tree.  The  concentrates  are  wrapped  in  a  tobacco  leaf,  placed  in 
a  piece  of  earthen  pot  surrounded  by  charcoal,  and  with  fans  and  blowers  all 
foreign  minerals  are  burned  off,  leaving  a  gold  button  in  the  bottom.  There 
are  no  statistics  as  to  the  amount  of  gold  that  has  been  taken  out  in  and 
around  Suyoc,  but  from  all  traditions  the  same  is  considerable. 

The  Mancayan  mine  was  worked  in  a  desultory  way  to  some  extent  by  its 
owners  and  their  lessees,  and  produced  altogether  1,100  tons  of  copper  metal. 
They  used  the  old  fashioned  Mexican  furnace  with  charcoal,  losing  of  necessity 
a  high  percentage  of  copper,  and  as  their  books  show  an  extraction  of  37  per 
cent  per  each  ton  of  ore  smelted,  it  can  be  imagined  the  high  character  of  the 
ore  treated.  This  mine  Is  situated  on  a  very  strong  lens  quartz  ledge,  which 
is  traceable  the  entire  length  of  the  two  districts.  The  ledge  has  a  north  and 
south  trend,  and  dips  about  70  feet  to  the  east.  However,  at  the  Mancayan  mine 
the  quartzose  unquestionably  was  originally  quartz-i)orphyry  and  metamor- 
phosed or   altered   by   the  argillaceous   porphyry  which   has  been   ext^ded 
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through  a  lateral  fissure  and  which  contracts  with  it  on  the  east  and  forms 
the  hanging  wall  of  the  ore  veins.  This  argillaceous  porphyry  is  certainly 
of  a  later  date  than  the  original  lens  quartz,  as  in  many  places  it  has  flowed 
over  and  completely  capped  it  Besides  altering  the  quartz  porphyry  In  its 
character,  the  argillaceous  dike  has  been  no  doubt  largely  responsible  for  the 
ore  deposition  and  by  reason  of  its  great  intrusive  force  or  the  complete  fusing 
of  the  quartzoso  mass,  and  the  consequent  contraction  in  cooling  it,  has  caused 
the  Assuring  of  the  lens  ledge.  There  are  three  of  these  fissures,  and  ore  was  de- 
liosited  in  them  to  the  complete  consolidation  of  the  mass  and  even  impregnating 
the  body  of  the  lens  quartz  itself.  This  ledge,  as  before  stated,  extends  south  be- 
yond Suyoc  with  somewhat  irregular  croppings,  owing  to  its  being  capped  in 
places  by  the  argillaceous  porphyry.  The  quartzose  mass  lies  on  quartzose 
diorite  as  a  foot  wall  and  is  paralleled  on  the  west  at  a  distance  of  al>out  1,000 
yards  with  a  feldspatic  porphyry  dike  extended  through  the  fissuring  of  this 
diorite.  This  porphyry  dike  is  also  responsible  for  ore  deposition,  as  copper 
veins  are  found  along  both  contacts  with  the  diorite. 

There  seems  to  be  very  little  to  Justify  the  idea  that  this  whole  mass,  and 
especially  that  carrying  the  ore  bodies,  may  have  been  caught  up  in  an  erup- 
tion of  neo-volcanic  rock,  for  the  reason  that  it  is  bounded  by  parallel  fissures 
through  which  the  porphyry  dikes  were  extruded.  These  porphyry  dikes  are 
almost  prima  facie  evidence  of  the  permanency  and  depth  of  the  ore  veins. 

At  Puckdaw  Hill  and  commencing  at  the  Cayan  concession  thp  belt  widens, 
or  rather  seems  to  swell  out  into  a  large  kidney,  and  almost  the  whole  of  Suyoc 
Mountain  becomes  ore  bearing.  There  seems  to  be  a  strong  central  ledge  carry- 
ing veins  of  varying  thickness  extremely  rich  in  gold  and  with  slight  copper 
values,  the  main  lens  ledge  continuing  on  the  east  side  and  the  porphyry 
dike  on  the  west  side,  both  carrying  veins  of  high-grade  copper  and  gold. 
There  are  many  smaller  veins  paralleling  these  dikes  and  all  on  the  east  side 
dip  to  the  west  and  those  on  the  west  dipping  to  the  east.  Indicating  a  junction 
of  all  at  some  unknown  depth  below  with  the  main  central  vein.  The  central 
vein  at  the  surface  shows  n  width  of  from  10  to  20  feet,  and  It  is  reasonable 
that  at  the  junction  below  of  all  the  veins  the  ore  bodies  must  be  enormous. 
Such  a  showing  for  large  bodies  of  high-grade  ores  with  proper  and  scientific 
deep  mining  probably  does  not  exist  in  any  other  place  in  the  world.  It  seems 
that  all  that  Is  needed  is  capital,  machinery,  and  skill  for  these  two  districts 
to  become  the  wonder  of  the  world.  Such  a  region  where  copper  ore  on  the 
surface  running  from  10  to  60  per  cent  per  ton  and  gold  ones  showing  all  kinds 
of  high-grade  values.  If  occurring  in  the  United  States,  would  cause  a  boom 
and  excitement  that  would  outrival  I^adville  in  her  palmiest  days. 

While  there  are  many  segregated  veins  that  are  practically  free-milling,  the 
ores  taken  generally  are  smelting.  The  copper  ores  of  Mancayan  are  some- 
what refractory,  some  of  them  being  triple  sulphurets,  but  those  of  Suyoc  are 
ideal.  They  contain  magneslan  lime  in  abundance  in  the  gangue  and  very  little 
base  metals,  and  If  mixed  with  the  ores  of  Mancayan  a  very  high  per  cent  of 
extraction  could  be  had. 

There  are  about  100  claims  located  in  these  two  districts,  and  nearly  all  of 
them  show  ore  values  and  sufficient  Indications  to  encourage  extensive  devel- 
opments. Situated,  as  the  districts  are,  on  the  headwaters  of  the  Abra  River, 
water  power  can  be  had  in  abundance  and  timber  Is  plentiful,  two  very  vital 
requisites  for  economical  mining.  The  only  drawback  at  present  Is  inaccessi- 
bility. Mancayan  is  about  55  miles  from  Candon  on  the  coast,  and  all  supplies 
and  materials  have  to  be  brought  in  over  a  pack  trail.  But  this  distance  is 
short  and  the  roads  good  compared  to  what  many  of  the  most  promising  camps 
in  the  world  had  to  contend  with  In  early  days  In  America.  Good  mines  bring 
good  dirt  roads,  railroads,  farms,  stock  ranches,  telegraph  lines,  and  all  other 
facilities  in  the  wake  of  their  development,  and  when  the  value  of  the  mines 
of  these  districts  are  once  Imown  the  building  of  an  electric  railway  to  San 
Esteban,  on  the  coast,  will  naturally  quickly  and  easily  follow. 

The  climate  is  unsurpassed  for  health  and  the  surrounding  country  is  fertile 
and  the  hills  and  mountains  furnish  fine  grazing  for  stock. 

Cervantes,  the  capital,  14  miles  north  of  Mancayan,  has  an  elevation  of  1,700 
feet  above  sea  level;  Mancayan,  3,983;  Tubuc,  4,540;  and  Suyoc,  5,518.  With 
these  elevations,  white  men  can  work  the  year  round  practically  as  well  as  in 
the  States.  When  capitalists  are  informed  of  the  possibilities  of  this  section 
and  conditions  in  the  Islands  become  such  as  to  give  confidence  to  investments, 
there  will  probably  be  considerable  activity  in  mining  operations. 


(Balletin  No.  4.) 

A  PBELDOHAST  BBC0HH0IB8ANCE  OF  THE  MANCATAN-SVTOO  MUTERAL 
BBOIOK,  LEPAKTO.  LVZOK,  P.  I.a 

By  AkTHUR  J.  EVELAND. 
LETTER  OF  TRANSMITTAL. 

The  MiNn>fQ  Bureau, 
Manila,  P.  /.,  October  19,  1905. 
Sir:  I  have  the  honor  to  transmit  herewith,  recommending  its  early  publication, 
the  material  prepared  by  Mr.  A.  J.  Eveland,  geologist,  mining  bureau,  for  Bulletin 
No.  4  of  this  bureau,  entitled  "A  Preliminary  Reconnoissance  of  the  Mancayan-Suyoc 
Mineral  Region,  Lepanto,  P.  I.** 

This  result  of  the  first  field  work  by  Mr.  Eveland,  in  difficult  Philippine  fields, 
should  be  of  value  to  those  interested  in  the  mineral  resources  of  these  islands  and,  in 
my  opinion,  reflects  much  credit  upon  Mr.  Eveland  and  the  party  under  his  chaiTge. 
Very  respectfully, 

H.  D.  McCaskey, 
Chief  of  the  Mining  Bureau. 
Hon.  D.  0.  Worcester, 

Secretary  of  the  Interior,  Manila. 

letter  of  submittal. 

The  Mining  Bureau, 
Manila,  P.  I.,  March  28,  1905. 
Sir:  I  have  the  honor  to  submit  herewith  the  manuscript  of  a  preliminary  report  on 
the  mineral  deposits  of  the  Mancayan-Suyoc  region  of  Lepanto  Province,  ismnd  of 
Luzon,  P.  I.     It  has  been  prepared  for  publication  as  a  bulletin  of  the  mining  bureau. 
Very  respectfully, 

A.  J.  Eveland,  Geologist. 
Mr.  H.  D.  McOaskby, 

CW«r  of  the  Minify  Bureau,  Manila,  P.  I. 


Chapter  I. 

INTRODUCTORY. 
riCLD  WORK. 


The  field  work  upon  which  is  based  the  following  preliminary  report  on  the  mineral 
deposits  of  the  province  of  Lepanto,  Luzon,  P.  I.,  occupied  the  latter  part  of  the 
'* winter"  season  of  1903-4,  and  from  early  in  March  to  the  middle  of  June.  This 
period  of  three  and  one-half  months  may  by  no  means  be  taken  as  the  time  available 
in  the  investigation  of  the  area,  as  the  early  advent  of  the  rainy  season  rendered  work 
impracticable  approximately  one-half  of  that  period,  the  daily  torrential  rains  termi- 
nating field  work  with  unfailing  regularity.  In  addition  to  the  time  spent  actually  in 
the  field,  six  weeks  were  required  for  transportation  to  and  from  Manila,  and  at  the 
close  of  the  season's  work,  discontinued  when  it  was  absolutely  impossible  to  do  more; 

a  The  illustrations  mentioned  in  this  report  have  been  omitted  and  are  on  file  in 
the  War  Department. 
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one  section  of  the  party,  with  the  collections  and  equipment  in  its  care,  occupied  six 
weeks  in  the  return  to  Manila. 

Topographic  mapping  has  as  yet  not  been  undertaken  in  the  Philippine  Islande. 
Only  to  a  small  extent  has  any  primary  trian^ation  work  been  carried  on,  and  that 
only  on  the  coasts  and  harbors,  under  the  Umted  States  Coast  and  Geodetic  Survey. 
The  party  was  therefore  organized  as  completely  as  possible  under  the  conditions,  for 
varied  and  general  work,  and  consisted  of  the  writer  as  geologist  and  chief,  with  Mr. 
H.  M.  Ickis  and  Mr.  M.  Groodman,  field  assistants,  and  two  rodmen.  The  absence  of 
one  field  assistant  was  unavoidable  for  over  a  month,  and  the  connection  of  one  rodman 
with  the  party  was  severed  almost  immediately  upon  reaching  the  field,  so  that  the 
party  practically  consisted  of  the  geologist  in  charge,  with  one  field  assistant,  one  rod- 
man,  and  such  native  (Igorot)  labor  as  could  be  obtained,  for  the  major  part  of  the  time. 

No  detailed  investigations,  except  such  as  could  be  profitably  carried  on  with  the 
limited  force  and  time  at  hand,  were  contemplated.  The  region  which  was  to  be 
visited  has  been  long  prominent  in  the  infant  mineral  industry  of  the  islands,  and  only 
such  work  that  woula  give  a  better  and  fuller  knowledge  of  the  mineral  resources  of 
the  region  and  an  aid  to  those  interested  in  its  development  and  future  progress  was 
undertaken. 

For  these  and  other  reasons  this  report  is  not  comparable  with  more  extended  and 
detailed  studies,  which,  it  is  hoped,  are  to  be  undertaken  in  the  near  future,  but 
attempts  to  approach  more  closely  such  reconnoissance  work  as  was  carried  on  with 
wonderful  success  by  the  United  States  Geolog^ical  Survey  in  Alaska.  Indeed,  the 
conditions  of  Alaskan  work  are  not  greatly  dissimilar  to  the  conditions  under  which 
all  scientific  field  work  is  accomplished  in  the  Tropics.  The  lack  of  transportation 
facilities  is  one  of  the  worst  evils  to  deal  with.  For  every  item  in  the  equipment  and 
supplies  of  use  during  a  more  or  less  extended  field  trip  there  is  a  problem  large  in  its 
proportions.  In  the  present  work  the  absence  of  horses  or  any  pack  animals  thrusts 
the  burdens,  literally,  on  the  shoulders  of  mankind.  And  the  Asiatic  races,  while 
much  may  be  said  in  their  favor,  do  not,  as  a  rule,  take  kindly  to  continued  labor. 

In  carrying  on  ge(:)l()gical  work  one  meets  with  the  excessive  vegetation  of  the  Trop- 
ics, limiting  one's  vision  to  a  matter  of  feet,  and,  in  correspondence,  the  great  thicK- 
net«  of  soil  and  decomposed  rock  material  render  the  solution  of  even  the  most  simple 
stratigraphic  problem  a  labor  in  iLself.  And  considerably  not  the  least  in  proportions 
are  the  climatic  conditions  which  Europeans  have  to  face. 

In  view  of  these  conditions  therefore  the  report  submitted  is  to  be  understood  to  be 
purely  preliminary  in  scope,  and  the  results  and  deductions  based  upon  it  may  pos- 
sibly be  subject  to  future  revision  and  modification  when  more  detailed  investigations 
are  carried  out. 

The  actual  route,  which  is  indicated  in  the  index  map  (PI.  I),  and  means  of  trans- 
portation of  the  party  are  briefly  as  follows:  From  the  map  it  will  be  seen  that  the  area 
indicated  lies  approximately  160  miles  almost  due  north  of  Manila.  The  railroad  from 
Manila  north  at  present  only  reaches  Dagupan,  in  the  province  of  Pangasinan.  As  the 
most  direct  means  of  reaching  the  territory,  then,  the  party,  with  its  outfit,  provisions, 
and  other  equipment,  was  embarked  Februarv  24  on  the  coast  guard  steamer  Mashate 
and  on  February  27  was  disembarked  at  Candon,  in  the  province  of  Ilocos  Sur. 

The  trail  inland,  up  the  vallev  of  the  Balidbid  River  to  Salcedo,  north  along  the 
western  flank  of  the  Cordillera  clel  Teila  to  Concepcion,  then  over  the  Teila  Pass  to 
Angaqui,  and  south  to  Cervantes,  dn  the  valley  of  tlie  Abra  River,  presented  no  other 
difficulty  than  lack  of  transportation.  Owing  to  delays  in  securing  "cargadores"  it 
was  not  until  March  6  that  Cervantes,  the  capital  of  I^panto-Bontoc  province,  was 
reached;  but  finally,  on  March  11,  the  first  permanent  camp  of  the  mining  bureau 
party  was  pitched  at  Mancayan,  the  ** barrio"  or  village  which  was  the  seat  of  mining 
operations  of  considerable  importance  in  the  past. 

For  two  months  Mancayan  was  made  the  base  of  operations  for  that  portion  of  the 
mineral  region.  At  the  end  of  about  that  time  camp  was  shifted  to  Suyoc,  some  dis- 
tance to  the  south,  from  which  the  operations  were  completed. 

It  may  be  well  to  give  a  brief  r6sum6  of  the  work  done,  in  order  that  the  under- 
standing may  be  fully  clear. 

Of  prime  importance  to  any  geological  work,  the  topographic  base  map  merits  the 
first  consideration.  As  the  relative  position  of  this  area  could  not  be  determined  from 
any  previous  maps  or  data,  recourse  was  had  to  astronomical  methods,  and  permanent 
monuments  erected  on  determined  points.  Checking  on  these,  a  base  line  was  laid 
out,  according  to  the  customary  procedure,  with  its  conjunctive  system  of  tertiary 
triangulation  over  the  area.  On  account  of  the  numerous  claims  recorded  and  the 
evident  disposition  of  the  mining  fraternity  to  develop  and  operate  this  district,  a 
rather  detailed  topographic  map  of  a  region  about  6  miles  long  and  4  miles  wide,  on  a 
scale  of  400  feet  to  an  inch,  was  made.    It  is  believed  that  this  map  will  be  of  inesti- 
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mable  value  to  future  development  work  in  this  district,  and  therefore  more  attention 
was  given  to  it  than  the  general  character  of  the  investigation  would  seem  to  call  for. 
The  general  investigations  were  conducted  along  three  distinct  lines,  viz: 

(1)  A  hasty  reconnoissance  of  a  laige  area  considerably  beyond  the  immediate 
vicinity  of  the  *  *  mineral  region.-" 

(2)  Route  surveys,  from  the  coast  to  the  mineral  region,  by  two  distinct  routes. 

(3)  A  detailed  study,  as  far  as  the  operations  permitted,  of  the  ore  deposits  and 
geology  of  the  district  proper. 

In  connection,  data  were  recorded  for  the  future  more  purely  geological  work  in  the 
islands,  the  work  instituted  under  the  Spanish  r^me  by  Abelm,  Centeno,  Santos,  Von 
Drasche,  and  others,  and  which  will  oe  carri^  on  under  American  direction  and 
operation. 

As  stated  before,  the  advent  of  the  rainy  season  terminated  further  work  in  June,  and 
the  party  returned  to  Manila.  The  geologist  proceeded  overland  to  the  south,  through 
the  province  of  Benguet,  for  a  hasty  reconnoissance  of  the  valley  of  the  Agno  River, 
and  to  examine  the  mineral  districts  of  Benguet  in  order  to  prepare  for  the  field  work  in 
the  future,  when  these  areas  will  be  taken  up.  The  mountain  trails  were  followed  as 
far  as  Baguio,  the  capital  of  Ben^et,  and  from  there  on  the  route  was  via  the  new 
^vemment  road  to  Dagupan,  where  connection  with  the  railroad  is  made.  At  the 
time  of  the  arrival  of  the  geologist  in  Dagupan  railway  communication  was  broken,  due 
to  heavy  floods,  and  a  steamer  was  taken  to  Manila.  The  entire  trip  south  was  made 
under  extremely  hard  conditions,  the  floods  and  storms  attendant  upon  the  rainy 
season  bein^  the  prominent  opposing  factor. 

The  remainder  of  the  party,  under  charge  of  Mr.  Goodman,  field  assistant,  took  the 
back  trail  via  Ansaqui,  Concepcion,  and  Salcedo  to  Candon.  Boats  could  not 
make  a  landing  at  that  season  of  tne  year,  neither  was  it  possible,  owing  to  the  fiooded 
condition  of  tne  coastal-plain  rivers,  to  proceed  northward  to  a  possible  favorable 
embarking  point.  In  fact,  the  return  from  Cervantes  to  Candon  was  attended  with  the 
utmost  danger  and  hardships  at  all  stages  of  the  route,  and  that,  in  addition  to  brining 
safely  through  the  equipment  and  collections,  a  detailed  route  survey  was  made  is 


freafly  to  the  credit  of  that  portion  of  the  party.  It  was  able  to  make  its  way  south  to 
an  Fernando,  thence  via  steamer  to  Dagupan,  and  from  there,  railway  communica- 
tion having  been  restored,  to  Manila.  From  San  Fernando,  while  awaitingtransjiorta- 
tion  to  Manila,  a  survey  was  made  via  Baon,  Naguilan,  and  Sablan  to  Baguio,  the 
capital  of  the  province  of  Benguet,  more  or  less  the  central  point  of  the  mineral  district 
of  that  province.  By  the  two  route  surveys  described  above  the  two  main  lines  of 
communication  to  the  coast  from  the  mineral  regions  have  been  accurately  mapped  for 
the  first  time.  Comment  on  the  future  value  of  these  surveys  is  imiieceesary,  and  they 
are  included  in  the  text. 

The  forcing  outline  gives  briefly  the  actual  movements  of  the  party  in  their  gen- 
eral relations  to  the  island  of  Luzon.  Of  the  difficulties  that  were  met  with  and 
overcome  nothing  can  be  written  that  adequately  presents  the  true  conditions.  Geo- 
logical work  in  the  Tropics  has  for  its  attendant  evils,  and  to  a  very  small  extent 
benefits,  certain  conditions  that  nothing  but  actual  experience  reveals. 
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aids  and  to  express  the  keenest  appreciation  of  the  many  courtesies  which  were 
extended  and  which  in  many  cases  were  far  beyond  the  requirements  of  the  official 
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art, of  the  Coast  Guard  steamer  MashaUy  for  much  information  and  for  assistance  in 
embarking  and  disembarking  the  party  and  equipment;  and  to  Mr.  William  A.  Reed, 
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Martin  Mills,  for  his  cordial  and  unfailing  hospitality  and  much  information,  and  to 
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uable data  concerning  the  past  condition  of  the  Mancayan  mines.  To  Messrs.  Gaffney 
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explorations,  during  many  days.  To  Mr.  William  Woodward  thanks  are  due  for  the 
use  of  a  substantial  house  in  the  latter  part  of  the  survey,  in  the  inclement  weather; 
and  lastly,  but  by  no  means  the  least,  to  the  many  officials,  provincial  and  local,  of 
the  r^ons  through  which  the  party  passed,  and  wno  in  every  case  gave  all  the  assist- 
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Chapter  II. 

HISTORY   AND   PRODUCTION. 

The  history  of  the  Spanish  mining  enterprises,  whether  in  the  Philippines,  South 
America,  or  Mexico,  is  invariably  interesting.  The  story  of  the  mines  of  Mancayan 
offers  no  exception  to  this,  and  in  view  of  the  present  development  of  the  district  it  is 
believed  it  may  be  of  sufficient  importance  to  be  given  briefly  here. 

According  to  the  previous  writers,**  the  attention  of  the  thinking  public  of  the  Philip- 
pines and  Spain,  and  especially  of  those  interested  in  the  mining  inaustry,  was  for  a  long 
time  drawn  to  the  northern  portion  of  Luzon  as  a  possible  source  of  mineral  wealth,  as 
there  appeared,  and  in  some  abundance,  pots  and  other  implements  of  pure  copper 
which  were  said  to  have  come  from  there.     Santos,  in  his  report,^  says: 

"Even  in  some  of  the  most  ancient  histories  of  these  islands  (Philippines)  copi)er  is 
cited,  among  other  metals,  as  one  of  the  products  which  nature  afforas  with  consider- 
able abundance,  the  natives  of  the  moimtains  utilizing  it  for  arms,  oniaments,  and  in 
a  profitable  business.  But  the  most  noteworthy  document,  which  claims  attention  by 
it43  ofi^cial  character  and  its  exactness,  as  later  is  verified,  is  the  commimication  to  the 
governor  of  his  excellencv  the  captain-jgeneral,  D.  Pascual  Enrile,  of  the  20th  of  June, 
1833.  in  which  he  states  tnat  the  utensils  that  the  Igorots  of  the  rngfed  mountain  ranees 
which  separate  the  Province  of  Cagayan  from  that  of  Ilocos  make  of  the  copper  from  tne 
mines  have  been  known  for  several  centuries.  *  *  *  With  this  communication 
was  sent  minerals,  bars,  and  spikes  of  the  metal  mentioned,  which,  assayed  in  the 
direcci6n  general  de  minas,  gave  such  good  values  that  not  only  was  it  recommended 
that  means  be  adopted  for  the  exploitation  of  so  much  mineral  but  it  gave  rise  to  the 
creation  of  the  inspection  of  1838  and  the  mining  law  of  1846. " 

From  such  sources  as  these  it  became  evident  that  valuable  mineral  deposits  existed, 
and  in  1850  it  culminated  in  the  sending  of  a  military  expedition  into  the  region  to 
make  an  investigation,  a  show  of  force  bein^  essential  to  Spanish  exploration. 

With  this  expedition  was  sent  D.  Antonio  Hernandez,  one  of  the  government  engi- 
neers, to  make  an  investigation  of  the  deposit,  map  routes  to  it,  collect  specimens,  and 
in  general  obtain  as  much  information  as  possible  for  the  public.  In  tnis  regard  it  is 
interesting  to  note  the  message  of  the  inspector  of  mines,  Sefior  Sainz  de  Baranda.  He 
8ays:c 

"  I  believe  it  is  my  sacred  duty  to  give  you  a  very  special  command.  The  mines  are 
situated  at  a  place  very  distant  from  all  centers  of  population  and  the  inhabitants  of  the 
country,  if  not  at  war  with  the  Christians,  are  not  by  any  means  subjugated,  and  of  a 
savaee  and  ferocious  character.  I  charge  you,  therefore,  do  not  expose  your  life  impru- 
dently, or  your  health,  for  not  only  the  examination  and  the  mines  but  all  of  them  and 
all  the  savages  of  Pangasinan  and  Ilocos  combined  are  not  worth  the  life  of  a  Spaniard, 
and  least  of  all  of  an  engineer  of  your  merits  and  circumstances. " 

Hernandez  left  Manila  February  3,  1850,  and  proceeded  to  Mancayan  via  the  eaat 
coast  of  Luzon  to  San  Fernando,  thence  overland  to  the  mines,  returning  about  a  month 
later,  having  spent  seventeen  days  in  mountain  travel.  His  description,^  preceded  by 
the  general  narrative  of  the  expedition,  is  as  follows: 

"Marching  from  Sugud  to  the  north-northwest  to  find  the  valley  of  the  Abra,  there  is 
found,  after  three  hours  of  travel  in  the  territory  of  Mancajran,  in  the  immediate 
vicinity  of  the  rancherias  of  Pacpac  and  Tavio,  a  deep  glen  where  runs  the  Arroyo 
Tavio  or  Magamban.  This  elen  is  bounded  on  the  north  by  the  mountain  Aban ,  on  the 
south  by  the  Sapit,  and  on  the  east  by  the  Tavio,  more  extensive  and  elevated  than  the 
other  two.  In  the  southern  side  of  the  first  is  presented  a  cut  or  face  of  60  or  70  feet  in 
height  and  190  or  200  varas  (600  or  660  feet)  in  len^h,  caused  by  the  landslides  which 
have  been  produced  by  past  excavations  in  the  middle  of  the  declivity,  and  the  con- 
stant action  of  the  atmospheric  agents,  showing  in  places  a  considerable  mass  of  compact 
quartz  with  pyrite  of  iron,  whose  limits  can  not  be  figured,  because  it  is  seen  to  be 
covered  by  soil,  not  presenting  apparent  stratification,  but  broken  and  full  of  fissures 
on  all  the  surface;  some  parts  are  filled  with  decomposed  quartzose  or  earthy  sub- 
stances stained  generally  by  oxides  of  iron  or  carbonate  of  copper,  and  others,  although, 
in  lessor  number,  hung  with  small  crystals,  generally  of  barite. 

«*U«'rnandez,  Antonio:  Reconocimiento  de  un  Criadero  de  Cobre  en  el  Monte 
Aban,  Tonnino  de  Mancayan,  1850.  Santos.  Jose  Maria:  Informe  sobre  las  Minas  de 
(V)brede  las  Rancherias  de  Mancayan,  .  .  .  en  el  Distrito  de  Lepanto,  .  .  .  Filipinas, 
18r>2.  Drasche,  R.  von:  Fragmente  zu  einer  Geologic  die  InseLLuzon  (Philippmen), 
1878:  etc. 

'>()p.  cit.     Translated  by  A.  J.  Eveland. 

c Translated  by  A.  J.  Eveland. 

d Translated  by  H.  D.  McCaskey,  chief  of  the  Mining  Bureau. 
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"The  quartz  carries  in  some  places  ^y  copper,  now  intimately  disseminated  in  the 
mass  of  the  rock  in  the  same  manner  as  is  the  pyrite  of  iron,  a^in  in  small  veins  from  two 
to  three  fingers  in  length,  and  finally  in  irregular  cavities  and  m  pockets  of  no  great  exten- 
sion. Sometimes  the  mineral  is  found  compact  with  the  quartz  without  any  appear- 
ance of  continuity;  at  others  filling  more  or  less  completely  the  crevices  of  the  rocks, 
leaving  several  fissures  or  species  of  geodes  with  marked  crystallization;  and  in  others 
finally — and  this  happens  m  preference  in  the  masses  of  larger  size — it  is  found  sepa- 
rated from  the  quartz  by  well-marked  bands  of  gouge  or  selv^e  of  a  species  of  nne 
clay  and  of  great  whiteness,  although  frequently  stained  by  the  green  carbonate  of 
copper. 

"Over  the  larger  concentration  of  gray  copper  which  is  presented  to  view  there  has 
been  opened  a  species  of  irregular  excavation  of  some  4  varas  (13  feet)  in  depth,  and  in 
one  of  the  sides  is  found  a  face  of  the  mineral  7  feet  in  width  and  10  in  height,  termi- 
nating in  the  foreground  in  selvage  and  empacked  in  a  tereno  summarily  weak  and 
decomposed.  This  being  under  the  surface  covered  by  rocks  and  fragments  of  auartz, 
it  is  impossible  to  see  where  or  in  what  form  it  is  extended;  in  a  like  manner  the  cut 
of  the  excavation  does  not  permit  of  judging  as  to  the  extent  of  the  deposit,  either 
in  length  or  depth,  seeing  only  that  it  continues  to  the  interior  of  the  mountain  and 
to  the  bottom  of  the  work. 

"The  mineral  pertains  to  the  kind  called  "tenantite"  (tedrahedrite?)  or  arsenical 
gray  copper,  being  a  sulphide  of  copper,  arsenic,  and  iron,  and  containing  above  44  per 
cent  of  copper,  29  of  sulphur,  18  ofarsenic,  and  9  of  iron,  and  not  including  the  silica, 
which  is  found  mechanically  mixed  and  therefore  in  variable  quantities.  This 
species,  which  is  that  which  constitutes  the  deposit,  is  found  in  a  mass,  somewhat 
crystallized,  and  with  the  crystals  there  are  found,  although  in  small  quantities, 
small  portions  of  pyrite  of  copper,  anhydrous  crusts  of  silica,  tablets  of  barite  covered 
by  crvstallized  quartz,  and  some  pyrite  of  iron.  The  matrix  is  compact  quartz  with 
some  barite,  and  many  specimens  oner  the  aspect  of  a  breccia  of  quartz  with  cement  of 
grav  copper. 

'^The  works,  which  consist  only  of  holes  or  small  caves  of  few  varas  in  extension,  are 
found  scattered  over  a  distance  of  approximately  180  varas  (600  feet).  And  judging 
by  the  considerable  quantity  of  wash  which  covers  the  ground  to  the  arroyo,  and  the 
cut  which  is  seen  in  the  side  of  the  mountain,  attended  on  the  other  hand  by  little 

§  resent  activity  of  works,  it  is  to  be  presumed  that  the  exploitation  of  tliis  deposit 
ates  back  to  a  very  ancient  period.  In  the  beginning  they  probably  worked  on  top 
of  the  site  where  they  are  now  working,  and  by  d^ees,  alter  having  exhausted  the 
mineral  immediately  under  the  surface,  have  gone  lower  toward  the  arroyo,  thereby 
precipitating,  little  by  little,  through  lack  of  system,  a  considerable  mass  of  rock, 
whicn  has  removed  a  large  part  of  the  ancient  works;  nevertheless,  there  are  yet 
preserved  parts  of  it  of  greater  extent  than  those  which  are  now  worked. 

"To  open  a  work  the  Igorots  commence  to  collect  water  in  a  kind  of  pool  or  basin 
which  they  have  formed  on  top  of  the  declivity,  letting  it  out  through  one  opening, 
thus  causing  to  fall  with  considerable  violence  a  mass  of  water,  uncovering  the  mineral, 
and  indicating  the  more  appropriate  places  for  exploitation.  The  excavations  are 
executed  by  means  of  fire.  Plaicing  a  little  wood  fastened  to  the  wall,  they  ignite  it 
and  the  following  da^  the  mass  is  found  split,  which  they  easily  separate  from  the 
copper  by  crushing  with  stones. 

^'Although  the  mass  of  the  deposit  is  a  compact  quartz  very  consistent,  it  is  full  of 
fissures,  which  makes  it  necessanr  to  support  it,  ana  for  this  they  employ  small  logs  of 
pine  which  they  place  in  irr^ular  numbers  at  the  places  threatening  ruin;  notwith- 
standing this,  tnere  is  no  mine  which  offers  even  half  a  security,  and  seversil  mishaps 
caused  by  cavings  have  already  occurred. 

TBEATMENT  OF  THE  OBI. 

"The  mineral  after  being  extracted  from  the  mine  is  submitted  first  to  a  roasting,  or, 
better  yet,  a  crude  melting;  for  this  the  natives  open  in  the  ground  a  hole  one  cuarta  in 
diameter  by  two  or  three  fingers  deep,  which  they  cover  witn  some  thin  sticks  forming 
a  gridiron,  above  which  they  place  a  small,  compact  heap  of  mineral,  held  down  by  a 
b^rd  or  piece  of  tree;  and  they  cover  all  with  thin  pine  wood,  leaving  a  protected 
hollow  above  the  board.  They  ignite  this  at  once,  leaving  it  alone  until  it  has  con- 
sumed the  wood  and  completely  heated  the  sulphur  of  the  mineral,  which  takes  two  or 
three  hours.  The  products  are  an  impure  mass  of  copper  mixed  with  earthen  sub- 
stances and  pieces  of  coal  and  scorias  of  quartz  which  oner  the  aspect  of  a  breccia  in 
which  the  cement  has  partly  disappeared,  converting  it  into  a  porous  mass. 

"The  copper  matte  then  suffers  a  melting  process  for  black  copper,  which  they 
execute  in  the  following  manner:  They  make  a  hole  six  or  eight  fingers  in  diameter 
which  they  sunound  with  stones  forming  a  species  of  hearth  or  crucible,  leaving  an 
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Open  space  for  the  placing  of  a  pipe  connecting  with  a  cylinder  bdlows.  This  con- 
sists of  two  cylinders  made  from  a  hollowed  trunk  of  pine  in  which  run  pistons  formed 
by  blocks  of  wood  dressed  on  their  circumferences  with  dry  herbs  and  chicken  feath- 
ers, which  are  held  down  only  by  the  bellows,  so  they  work  in  the  manner  of  spring 
against  the  interior  surface  of  the  cylinders.  In  the  lower  part  there  is  a  hole  and  in 
that  they  place  a  cane,  closing  the  valve  at  the  beginning  of  the  stroke. 

"Having  formed  the  oven  in  this  manner  they  chaige  it  with  pine  fuel,  mixed 
copper,  and  matte,  and  put  the  bellows  in  motion,  taking  care  to  add  the  fuel  in 
proportion  to  its  consumption,  and  to  agitate  little  by  little  with  a  cane  so  the  copper 
may  fall  to  the  bottom  and  be  clean^  frpm  the  foreign  substances  with  which  it 
may  be  mixed.  "When  they  know  that  the  copper  has  all  united  into  one  mass,  which 
should  take  place  after  ten  or  fifteen  minutes,  tney  stop  the  bellows  and  take  out  the 
coal  and  scorias  which  overfloat  the  metallic  bath,  leaving  it  uncovered  until  it  has 
hardened  a  little  and  acquired  sufficient  consistency  so  that  it  may  be  handled.  The 
product  is  a  cake  of  black  copper  of  rough  and  broken  surface  full  of  earth  and  pieces 
of  fuel. 

"This  cake  they  place  at  once  on  a  bonfire,  where  they  leave  it  two  or  three  hours, 
making  it  suffer  a  Kind  of  roasting  process,  which  purifies  it  somewhat,  and  they 
afterwards  melt  it  in  the  same  furnace,  placing  it  in  a  species  of  crucible  or  mold  of 
refractory  clay.  At  the  end  of  this  they  put  the  crucible  in  the  hole  and  over  it 
they  place  the  stone  cover  and  surround  it  with  fuel.  They  then  force  a  blast,  and 
after  the  copper  is  melted  they  uncover  the  bath,  taking  out  all  the  impurities.  They 
remove  the  crucible  from  the  furnace,  and  later,  when  the  mass  has  commenced  to 
consolidate,  they  compress  it  with  a  stick.  Finally,  they  take  the  cake  from  the  cru- 
cible, bury  it  in  ashes  until  it  has  cooled,  and  smooth  its  sur^e  a  little  by  striking 
it  with  a  stone. 

"The  copper  obtained  in  this  manner  they  sell  partly  in  cakes  to  the  Christian 
people  in  tne  lowlands  and  partly  dedicate  to  the  manu^ture  of  pots  and  boilers, 
which  the  Igorots  forge  with  stones;  also  making  of  the  same  metal  bars,  tongs,  and 
small  pipes  ^r  smoking. 

"There  remains  now  to  consider  the  deposit  of  copper  of  Mancayan  from  an  indus- 
trial point  of  view.  According  to  what  we  have  already  said,  the  operations  prac- 
ticed up  to  date  are  all  very  superficial,  and  we  do  not  believe  they  authorize  the 
fixing  of  an  opinion  with  respect  to  their  importance.  We  are  only  able  to  say  that 
the  copper  deposits  pertain  to  the  class  of  irregular  deposits,  and  that,  like  the  study 
of  the  laws  which  follow  the  distribution  of  the  mineral,  they  demand  a  more  mature 
examination  and  other  methods  of  observation  than  the  very  limited  ones  which 
we  have  been  able  to  make.  Interesting  above  all  is  the  inquiry  as  to  whether  the 
mineral  penetrates  to  the  interior  of  the  mountain  Aban,  and  whether  the  discovered 
masses  in  its  declivities  are  only  indications  of  concentrates  of  ^jeater  importance; 
and  we  believe  that  that  already  discovered  is  sufficient  to  justify  a  determination 
of  this  point.  For  this  purpose  there  could  be  opened  a  gallery  toward  the  interior 
of  the  mountain,  which  could  follow  the  direction  of  some  of  the  masses  to-day  in 
exploitation,  and  afterwards  there  could  be  opened  other  galleries  branching  from 
the  first  in  a  perpendicular  direction. 

"Furthermore,  this  deposit,  by  reason  of  its  very  irregularity,  offers  itself  better  to 
a  system  of  irregular  exploitation  than  to  an  arranged  plan  of  operations.  To  under- 
take this  there  must  first  be  expenses  of  some  consideration  in  preparatory  work,  which, 
besides  their  costliness,  will  have  to  be  of  slow  execution  owing  to  the  hardness  of  the 
rock.  Nor  should  there  be  disregarded  the  topographical  position  of  the  territory 
of  Mancayan,  and  the  primitive  state  of  its  inhabitants." 

The  report  of  Hernandez  seems  to  have  awakened  considerable  interest  in  public 
opinion,  and  the  Government  took  steps  to  improve  the  output  and  methods  of 
mining,  requesting  information  from  the  engineer.  The  latter  recommended  several 
small  improvements,  and,  with  the  caustic  comment  from  his  chief  that  "all  the 
instructions  and  relations  that  could  be  given  are  utterly  useless  as  being  beyond 
the  knowledge  and  intelligence  of  the  Igorots,  and  even  beyond  that  of  the  persons  who 
have  requested  that  they  be  communicated  to  the  Igorots,*'  Hernandez's  connection 
with  the  mines  ceased. 

From  the  date  of  this  report  (1850)  several  years  elapsed  before  the  copper  district 
was  brought  before  the  public.  Then,  in  1856,  Senor  T.  Balbas  y  Castro  made  appli- 
cation for  the  demarcation  of  the  properties.  He  presents  an  agreement «  made  in 
March,  1865,  with— 

"The  infidels,  Tibaldo,  gpbemadorcillo  of  the  rancheria  of  Mancayan;  Mendoza, 
principal  man  of  the  ranchena  of  Tubo;  Lancungan,  principal  man  of  Balili;  Bayaque, 
of  Bata;  Tambana,  of  Bulalacao;  Paduan,  of  Talbac;  and   Bagnaqan,  of  Pat  Fat 

a  Translated  by  A.  J.  Eveland. 
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(and  others),  *  *  *  who,  of  their  own  free  will  and  accord,  without  the  medi- 
ation of  either  ph3r8ical  or  moral  compulsion,  deception,  or  fraud,  but  because 
they  are  persuaded  of  the  advantages  that  are  to  be  attained,  after  having  conference 
with  their  subjects,  and  in  conformity  with  these,  thev  have  agreed  in  abandoning 

*  *  *  the  nght  they  may  have  to  the  mountains  which  form  the  fissure  through 
which  runs  the  small  nver  of  Magamba,  which  washes  the  entire  deposit  of  the  metal, 

*  *  *  with  the  condition  that  these  shall  be  respected  and  no  work  done  in  the 
interior  of  the  small  caves  or  mines  which  each  rancheria  has  in  exploitation  from  time 
immemorial/' 

For  this  concession  was  paid  the  sum  of  500  pesos  (about  |200),  and  the  natives  were 
guaranteed  employment  m  the  mines  at  regular  nxed  rates.  This  agreement  was 
approved  by  the  (Jovemment  and  a  stock  company  was  formed  under  tne  leadership 
01  Sefior  Balbas,  which  proceeded  to  open  the  mines,  two  pertenencias  of  83,000  square 
meters  each,  under  the  Spanish  law,  being  laid  out  and  preliminary  work  being  com- 
menced in  tiie  same  year. 

PEODUCTION. 

While  but  few  figiu*e8  of  the  production  of  these  workings  are  available,  those  at  hand 
may  be  worthy  of  record,  and  are  here  given: 

Before  the  Cantabro-FUipino  Company  took  hold  of  these  workings,  it  is  estimated  a 
that  from  1840  to  1856,  during  fifteen  years,  40,250  pounds  of  copper  were  produced, 
in  the  form  of  cakes  or  made  up  in  various  ways,  per  year,  or  a  total  of  approximately 
600,000  poimds  of  metal,  at  a  value  of  26  pesos  per  pico,  amounting  to  117,000  pesos. 

The  year  1860  b  marks  the  first  actual  production,  and  in  1860  and  1861  146,470 
arrobas  (of  25  pounds)  of  mineral  were  produced,  the  greatest  yield  being  from  the 
crushers — that  is,  64,688  arrobas — ^with  an  average  content  of  5  per  cent  copper;  screen- 
ings, giving  9  per  cent  metal,  yielded  9,608  arrobas;  and  the  production  of  the  first 
and  second  class  mineral,  containing  29  and  ISJ  per  cent  copper,  was  2,380  and  29,201 
arrobas,  respectively.  The  rest  of  the  mineral  consisted  of  mixed  ores,  from  various 
localities,  to  about  2,200  tons  in  all. 

In  1862  145,000  arrobas  of  mineral  were  produced,  or  about  1,800  tons;  in  1863, 
170,000  arrobas,  or  about  2,200  tons;  in  1864, 180,000  arrobas,  or  about  2,500  tons;  giving 
a  total  of  666,470  arrobas  up  to  the  end  of  1864,  or  approximately  8,500  tons  of  mmeraL 

Further  production  was,  in  1866: 


Product. 

Copper. 

Amount 
produced. 

Content 
in  metal. 

First  class 

Percera. 
38 
20 

Pownda. 

7,650 

288,302 

2,609,175 

Pound*. 
2,907 

Second  class 

57,072 

Various,  malring  a  total  «f 

234,807 

No  further  figures  are  available  to  show  the  amount  of  ore  produced  from  these 
workings.  From  another  place  c  ia  taken  the  statement  that  up  to  1874  there  were 
produced  by  the  Cantabro-Filipino  Company  2,500,000  pounds  of  copper  as  a  result 
of  its  operations. 

In  1875  the  efforts  of  the  Cantabro-Filipino  Company  came  to  an  end  and  it  sus- 
pended work.  Santos,  whom  the  Spanish  Government  had  loaned  to  the  company 
for  a  considerable  period  of  time,  died  at  the  mines,  and  it  is  supposed  that  the  cessa- 
tion of  the  labors  of  this,  their  guiding  spirit,  contributed  in  no  small  degree  to  the 
reason  for  the  closing  down. 

The  smelter  site  and  the  mine  openings  remained  as  they  were,  and  the  natives  and 
the  Chinos  for  many  years  reaped  a  harvest  from  this  ore,  smelting  and  refining  the 
product  in  a  wonderfiuly  skillful  manner.  Various  projects  to  reopen  the  mines  came 
to  nothing,  and  finally  in  1898  occurred  the  war  with  Spain.  In  tne  American  Army, 
and  especially  among  the  volunteers,  which  were  principally  Western  raiments,  there 
were  many  men  who  had  spent  long  years  in  prospecting  and  mining  in  other  r^ons, 
and  it  was  not  long  before  the  localities  in  the  rhilippines  reported  ore  bearing  became 
known;  so  that  it  was  the  most  natural  thing  in  tne  world  for  those  hardy  men  to 
penetrate  into  this  and  other  portions  of  the  islands  in  search  of  mineral,  even  when 
the  country  was,  to  say  the  least,  dangerous,  as  many  a  sharp  conflict  showed. 

a  Santos:  Informe,  p.  19. 

h  Obtained,  by  courtesy  of  Sefior  Balbas,  from  a  few  of  the  yearly  reports  of  the 
Cantabro-Filipino  Company, 
c  Centeno:  Memoria  Geologico  Minora  de  las  Islas  Filip.,  1870,  p.  44. 
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Early  in  1900,  in  January,  a  party  of  Americans,  a  eight  in  number,  reached  Man- 
cayan,  and  saw,  as  thev  could  not  fail  to  do,  the  rich  copper  ores  of  the  old  mines. 
Claims  were  promptly  located,  and  as  their  knowledge  of  the  district  increased,  the 
ground  farther  south  to  Suyoc  was  examined  and  located.  A  month  later  another 
party  came  in,  to  be  followed  only  a  few  weeks  later  by  another.  This  made  the 
the  district  well  populated  in  comparison  to  its  former  status,  and,  according  to  the 
Western  (United  States)  customs,  a  ''mining  district"  was  formed  and  rules  drawn  up, 
even  though  no  one  knew  what  minine  laws  would  prevail.  For  this  and  other  reasons, 
owing  to  the  unsettled  nature  of  the  Islands  and  its  people,  but  little  was  done  toward 
exploitation  for  a  year  or  more.  When  the  laws  were  promulgated  and  the  attention 
of  those  willing  and  able  to  help  was  attracted,  development  was  started  in  earnest, 
under  the  severe  conditions  which  prevail.  The  future  of  this  and  other  districts  of 
the  Islands  will  have  much  to  be  grateful  for — to  the  courage  and  skill  with  which  these 
pioneers  (no  less  so  because  of  a  warm  climate,  and  in  modern  times;  forced  their  way 
and  opened  a  way  for  others  to  follow. 


Chapter  III. 

GENERAL. 
GEOGRAPHY. 

From  the  index  map  (PI.  I)  it  will  be  seen  that  the  Lepanto  copper  area  of  that 
of  Mancayan,  the  most  im{)ortant  district,  lies  almost  directly  north  of  Manila,  the 
barrio  of  Mancavan  being  in  latitude  16^  &3^  north  (determmed  in  the  field)  and 
approximately  the  same  longitude  as  Manila.  The  latitude  and  longitude  of  Moimt 
Data,  which  is  only  a  few  miles  to  the  east  of  Mancayan,  is  given  oy  the  Spanish 
authors  as  latitude  16^  57^  and  longitude  120^  55^  west;  and  of  Cervantes,  the  capital 
of  Lepanto  Province,  from  the  same  sources,  latitude  17**  01^  10^'  north  and  longitude 
120**  50^  30^^  east,  approximatelv. 

The  r^ion  as  a  whole  is  in  the  extreme  southern  end  of  Lepanto,  on  the  western 
slope  of  Data,  the  latter  a  noteworty  eminence  among  the  lesser  peaks  of  the  Cordillera 
de  Solis.  Data,  the  divide  between  Benguet  and  Lepanto,  and  the  Malaya  Range 
form  a  rough  basin,  in  which  the  Abra  River  has  its  origin,  and  on  the  western  and 
northern  borders  of  this  basin  the  mineral-bearine  ground  has  been  exploited. 

To  the  south  lies  the  northward-reaching  angle  of  Benguet  and  tne  valley  of  the 
Agno  River;  on  the  east,  Data  separates  Lepanto  from  the  Asin  Valley;  on  the  west  is 
the  Malaya  Range,  with  the  valley  of  the  Aora. 

The  scene  of  the  most  active  work  is  centered  at  the  barrios  of  Mancayan  and  Suyoc, 
and  in  their  immediate  vicinity.  From  Cervantes  south  to  Mancayan  is  by  direct 
line  a  trfle  over  9  miles,  the  trail  with  its  windings  bringing  this  distance  up  to  between 
12  and  13  miles  (about  19  kilometers).  From  Mancayan  southeast  to  Suyoc  is  a  little 
less  than  4  miles  (6  kilometers)  by  air  line,  the  divide  between  the  provinces  of  Lepanto 
and  Benguet  being  a  mile  or  so  farther  south.  The  exploration  and  development  of 
the  copper  and  gold  deposits  have  been  undertaken  several  miles  south  of  Suyoc  and 
for  a  mile  or  more  north  of  Mancayan,  in  a  belt  of  varying  width — at  its  widest  a  mile 
or  two — this  giving  an  area  under  actual  attention  of  7  miles  in  length  by  2  in  width — 
14  square  miles  (35  square  kilometers). 

There  are  at  present  two  routes  to  the  district.  The  northern  route,  from  Candon 
on  the  coast,  via  Salcedo,  Concepcion,  Teila  Pass,  Angaqui,  and  Cervantes,  is  a  horse 
trail  which  during  the  dry  season  is  in  good  condition.  Its  difficulties  consist  of  the 
steep  ascent  and  descent  of  Teila  Pass,  and  the  amount  of  fording  necessary  between 
Salcedo  and  Concepcion,  thirteen  crossings  of  the  river  being  necessary.  In  the 
rainy  season  the  muddy  condition  of  the  trail  from  Candon  to  Salcedo,  me  flooded 
condition  of  the  Balidbid  River  between  Salcedo  and  Concepcion,  and  the  destruction 
of  the  trail  beyond  practically  closes  this  route.  Another  trail,  a  few  miles  to  the 
north,  from  Angaqui  to  Santa  Maria,  is  an  alternative  evil.  There  is  contemplated 
a  new  trail  from  Cervantes  directly  across  the  Malaya  Range,  down  the  Chico  River 
to  Tagudin,  which  it  is  believed  will  relieve  the  present  conditions.  This  trail  will 
shorten  the  journey  from  the  coast  to  Cervantes  and  it  is  believed  will  be  available 
during  the  rainy  season. 

The  trail  to  the  south,  to  Baguio,  is  a  good  horse  trail,  but  also  has  the  disadvantages 
of  the  numerous  fords  which  characterizes  all  island  travel.    Baguio  may  be  reached 

o  If  informed  correctly,  the  party  consisted  of  Messrs  McCauley,  Woodward, 
McClusky^Harvy,  Milton,  and  Stueber.  These  were  followed  by  Leonard,  Ickard, 
Michaels,  Whitmarsh,  and  Graffney — almost  without  an  exception  ex-eoldiera. 
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in  from  three  to  six  days,  issing  via  Bu^^,  Kabayan.  Adoway,  Daklan,  Ambuklao. 
and  Trinidad,  and  from  i^aguio  or  Trinidad  two  aays  more  are  neceasary  to  reach 
San  Fernando  on  the  coast.  At  this  writing  there  is  completetl,  or  at  least  open  to 
travel,  the  new  Bencuet  road — a  graded  carriage  road  from  Baguio  to  Dagupan.  the 
northern  terminus  of  the  railway. 

The  most  available  route,  therefore,  is  at  present  by  the  northern  trail,  subject  to 
delays  and  mishaps  in  the  rainy  season. 

In  the  mineral  district  the  main  trail  from  Cervantes,  Lepanto,  to  Benguet  passes 
directly  tthrough  Mancayan  and  one-half  mUe  east  of  Suyoc.  Another  well-kept 
trail  leads  eastward  from  Mancayan  into  the  basin  on  the  west  flank  of  Data  known 
2\s  Balili,  about  3  miles.  Apart  from  these,  there  are  no  trails  other  than  those  of 
Igorot  construction.  These  trails — footpaths  over  which  the  Igorots  trudge  con  ten  t- 
edlv  over  impossible  grades  in  sinele  file — form  connecting  lipks  between  all  barrios, 
and  are  foimd  on  every  ridge;  while  they  give  fair  commtmication  among  the  natives, 
they  offer  no  solution  of  the  transportation  problem. 


No  meteorological  data  are  available  for  the  Province  of  Lepanto  alone,  but  it  may 
be  said  that,  in  common  with  the  whole  Philippine  group,  generally  only  two  seasons 
are  recognizable,  the  wet  and  the  dry.  From  November  to  April  the  climate  of 
IvCpanto  leaves  little  to  be  desired.  At  this  time  of  year  clear  weather  predominates, 
only  the  occasional  mountain  showers  breaking  the  lon^  dry  season. 

At  the  altitude  of  Mancayan — the  highest  knoll  in  tne  villa^  being  little  short  of 
4,000  feet — the  temperature  is  comparatively  low,  blankets  being  comfortable  if  not 
actually  necessary  at  night,  and  on  the  upper  slopes  of  the  southern  end  of  the  Malaya 
Range  it  is  affirmed  that  the  vegetation  is  killed  at  periods  by  low  temperature.  On 
^ood  authority  it  is  stated  that  actual  frost  has  occurred.  As  late  as  July  (in  1904) 
it  is  a  fact  that  three  natives  died  of  cold  and  exhaustion  while  crossing  the  Malaya 
Ranee  at  about  the  same  altitude  as  Mancayan.  The  mean  annual  temperature 
(for  Manila)  is  between  26**  and  27^  C.  (approximately  80^  F.).  These  figures  are 
considerably  lower  in  Lepanto.  In  general,  April,  May,  and  June  are  the  hottest 
months,  followed  by  the  steady  rains  of  the  period  up  to  October  and  November,  the 
entire  rainy  season  coming  between  the  months  of  May  and  October. 

VKOETATION  AMD  TIMBER. 

As  in  all  tropical  areas,  the  native  vegetation  of  Lepanto  is  heavy  and  luxuriant. 
The  slopes  are  heavily  covered  with  a  growth  of  tree  ferns,  canes,  grasses,  and  small 
brush,  and  it  is  only  on  the  top  of  ridges  that  clear  spaces  are  met.  The  crass  of  the 
region  is  a  lon^,  tough,  and  rank-growing  variety,  which,  unless  kept  down  by  burning 
off,  is  not  particularly  good  for  fodder.  The  various  varieties  of  cane  find  a  multitude 
of  uses — woven  in  a  variety  of  ways  for  almost  all  conceivable  purposes  and  for  con- 
struction and  clothing.  Of  the  canes  the  true  rattan  or  beiuco  is  not  found  to  a  laree 
extent  in  this  section  of  Lepanto.  These  two  of  the  smaller  growths  are  by  far  the 
most  important,  as  the  intermediate  and  useful  bamboo  is,  in  the  area,  not  found  in  any 
but  very  small  amount. 

Of  timber  proper  the  notable  examples  are  pine  and  oak.  It  may  be  noted  that, 
according  to  tne  older  residents  of  the  district,  at  one  time  the  valley  of  the  Abra  River 
and  the  s^ljacent  slopes  supported  a  heavy  growth  of  pine  and  narra  {Plerocarjms  indicus 
Willd. ).  At  present  there  is  hardly  a  stick  of  timber  m  the  entire  region  within  a  radius 
of  10  miles  of  Cervantes.  On  the  lower  slopes,  near  the  cultivated  land,  no  timber 
whatever  occurs,  and  it  is  only  on  the  more  inaccessible  portions  of  the  Cordillera  del 
Malaya  and  the  upper  portion  of  Mount  Data  that  anything  like  good  timber  exists. 
The  valley  is  but  another  instance  of  the  shortsighted  policy  of  destruction  of  forests 
when  proper  care  is  not  taken,  and  without  the  slightest  doubt  the  absence  of  retaining 
timber  over  this  drainage  area  has  a  considerable  effect  on  the  run-off  and  the  condition 
of  the  rivers  in  the  flood  seasons.  Much  of  this  timber  was  consumed  by  the  smelters  of 
the  Cantabro-Filipino  Company  in  their  operations,  and  at  present  a  demand  for  timber 
would  necessitate  a  2  or  3  mile  liaul  for  a  small  amount,  and  if  heavy  demand  were  made 
on  the  forests  for  such  purposes  as  fuel  a  considerably  greater  distance  would  have  to  be 
reckoned  upon.  The  pine  growth  is  of  good  sire,  clear  and  straight,  up  to  about  2-foot 
(diameter}  sticks.  On  certain  portions  of  the  higher  ridges  a  moderate  oak  growth  is 
met.  This  latter  is  heavier  south  of  the  mineral  region,  m  Benguet  Province,  but,  in 
necessity,  fairly  accessible. 

AQBICVLTUBE. 

Aside  from  the  timber  oroducts,  and  the  natural  wild  growth  common  to  all  tropical 
regions,  Lepanto  offers  along  certain  agricultural  lines  considerable  opportunity  for 
development. 
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In  all  portions  fleveral  varieties  of  the  banana  are  plentiful,  serving  as  a  food  product. 
The  coffee,  especiallv  in  the  higher  regions  (above  3,000  feet),  is  of  most  excellent  qual- 
ity, and  at  one  time  large  areas  were  imder  cultivation  that  are  now  given  over  to  grass. 
Cacao  has  been  tried  and  successfully  cultivated  to  a  considerable  extent.  Sugar  cane 
on  the  lower  portions  of  the  area,  such  as  the  flat  at  Comillas,  yielded  in  pset  times 
exceptionally  good  returns;  and  the  staple  product,  rice,  reigns  supreme.  The  labor 
and  care  given  to  this  particular  crop  by  the  Igorots  is  something  prodigious,  in  the  con- 
struction of  the  paddies  alone.  Terraces  to  heists  of  1 ,000  to  1  ,^  feet  are  not  uncom- 
mon, and  flumes,  sluices,  and  dams  are  everywhere  in  evidence.  The  bulk  of  the 
product  that  is  not  consumed  on  the  ground  is  not  shipped  out  to  the  coast  for  export, 
but,  on  the  contrary,  into  the  interior  to  less  fortunately  situated  peoples.  The  entire 
valley  of  the  Mancayan  River,  as  wpII  as  the  Abm  and  its  other  tributaries,  is  flanked 
by  rice  paddies.  No  estimate  has  ever  been  made  of  the  value  of  the  crop  annually, 
but  from  the  number  of  hogs,  dogs,  and  other  merchandise  sold  by  the  traders  from  the 
coast,  the  figures  must  be  of  large  proportion.  The  camote  (a  variety  of  sweet  potato) 
is  even  more  invariably  cultivated,  as  it  is  the  principal  article  of  food.  It  grows  rap- 
idly, bears  throughout  the  year,  and  requires  out  little  care,  conditions  perfectly  m 
accord  with  the  ideas  of  the  Igorot. 

The  natives — ^that  is,  the  women  and  children — are  engaged  in  the  cultivation  of  the 
rice  and  other  crops.  The  male  Igorot  does  but  little  manual  labor,  the  cultivation  of 
the  camote  patches  upon  which  the  family  depends  for  food,  the  rice  fields,  and  other 
qrops  being  left  to  the  labors  of  women  and  children.  The  resemblance  to  the  Ameri- 
can Indian  in  this  respect  is  striking,  the  position  of  head  of  the  family  and  the  state  of 
proprietorship  of  any  cattle  or  lands  he  may  possess  being  evidently  suflciently  ardu- 
ous labor  for  the  Isorot.  Apart  from  the  occasional  mining  and  smelting  done  by  him, 
there  b  little  r^^ar  industry.  The  mining  in  the  wet  season,  the  cultivation  of  the 
crops,  and  the  care  of  cattle  are  the  chief  employments. 

POPUI-ATION. 

Within  this  district  lies  the  large  town  of  Cervantes,  the  capital  of  the  province, 
which  is  the  only  considerable  gathering  of  population  in  a  town.  Others,  such  as 
Mancavan  to  the  south  of  Cervantes,  have  but  little  of  a  collected  population.  In  the 
total,  the  number  of  inhabitants  of  the  distirct  is  not  inconsiderable,  out  a  view  of  the 
country  reveals  no  villages  of  any  size. 

The  tendency  of  the  Igorot  is  to  collect  in  groups  of  at  most  a  score  of  huts,  far  up 
on  some  almost  inaccessible  ridge,  and  to  avoid  anything  like  a  large  village.  Within 
a  radius  of  a  mile  or  two  of  Cervantes,  Mancayan,  Suyoc,  and  Cayan  may  be  encoim- 
tered  numerous  small  barrios,  which  bring  the  population  of  the  province  up  to  72,750.o 
Cervantes  proper  has  a  population  of  1,437  civilized,  but  with  its  outlying  barrios  the 
population,  as  given  in  the  Gazetteer  of  the  Philippine  Islands  from  the  census  of 
1887,  is  16,000.6 

Similarlv  in  the  village  of  Mancayan  are,  according  to  the  census  of  1903,  118  civi- 
lized inhabitants,  but  its  total  population  is  about  1,500.  The  total  population,  almost 
wholly  "wUd,"  of  Suyoc  is  600. 

OOVIRNMENT. 

The  present  system  of  government  places  directly  in  chaige  of  the  province  and 
answering  to  the  civil  government  of  the  islands  a  ^vemor,  a  supemsor  or  engineer, 
a  treasurer,  and  a  secretary.  These  unite  as  a  provincial  board  and  decide  as  a  whole 
the  work  to  be  done.  In  the  various  subdivisions  are  native  presidentes  (or  head- 
men) and  their  consejales  (or  aldermen),  and  purely  local  affairs  are  directed  by  tbc^e, 
subject  to  central  supervision  and  command.  A  group  of  old  men  in  each  smaller 
village  have  tacit  powers,  and  it  is  one  of  the  good  points  in  the  Igorot  make-up  that 
their  word  has  such  great  weight. 

While  it  is  hardly  within  the  province  of  this  report  to  enter  deeply  into  racial 
characteristics,  a  very  few  words  as  to  the  nature  of  the  inhabitants  ol  these  mining 
districts  may  not  be  out  of  place. 

The  Igorot  is  somewhat  sharply  distinct  from  the  other  races  of  the  islands.c  He' is 
supposed  to  be  derived  from  the  races  of  the  Malay  invasion,  which  were  driven  inland 
by  the  later  invasion  from  the  same  region.    He  is  a  sturdy  savage,  generally  happy 

o  Of  this  number  70,283  are  classified  as  "wild  "  and  2,467  as  civilized.  Census  of 
the  Philippine  Islands,  1903. 

b  The  census  of  1903  gives  no  total  figures  for  towns  and  barrios,  so  that  this  figure 
must  be  accepted,  though  of  doubtful  value. 

cSeeVirchow,Rud.:  The  Peopling  of  the  Philippines,  1897;  and  Jenks,A.E.:  The 
Bontoc  I^rot,  Volume  I  of  the  Ethnological  Survey  Publications  of  the  Government 
of  the  Philippine  Islands. 
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and  content,  of  considerable  intelligence,  and  good  disposition;  from  a  racial  stand- 
point, moral  and  honorable.  He  takes  not  kindly  to  lalK)r,  not  from  the  inherent  mis- 
taken idea  of  the  Tagal,  who  despises  work  as  denadinj;,  but  from  the  fact  that  he  is  of 
the  mountain,  free  and  imtrammeled,  and  much  labor  is  not  necessary  to  his  existence. 
He  is  more  hardv  than  his  brother  of  the  coasts  and  plains,  and  as  further  more  inacces- 
sible portions  of  the  island  are  reached  many  fine  specimens  of  men  and  women  are 
seen. 

In  religion  his  ideas  are  crude,  and  have  more  or  less  of  an  oriental  tinge — in  fact,  a 
mixture  of  the  Shintoism  of  Japan  with  the  belief  of  the  North  American  Indian  could 
not  be  far  from  the  religion  of  the  leorot.  Crude  as  the  belief  may  appear  to  Chris- 
tians, it  is  nevertheless  a  religion,  a  oelief  in  a  spiritual  authority.  The  respect  and 
deference  accorded  to  the  old  men  has  been  already  commented  upon;  the  Igorot  feels 
a  moral  obligation  to  care  for  his  aged  that  is  rarely  exceeded. 

In  advancement  the  Igorot  is  a  curious  mingling  of  the  most  ancient  and  the  quite 
modem.  The  agricultural  implements  in  use  are  the  most  primitive  of  iron  instru- 
ments, and  the  pointed  stick  is  in  common  use.  The  flint-and-steel  method  of  making 
fire  is  used  in  certain  parts  of  the  province,  and  in  others  the  "fire  gun  " — a  fight-fitting 
piston  in  a  barrel  heating  the  compressed  air — is  the  means  used.  In  his  copper  smelt- 
ing the  process  used  is  extraordinarily  in  accordance  with  modem  practice,  and  yet  in 
casting  objects  of  gpld,  bronze,  or  copper  the  **cire  perdue"  process  is  used,  a  method 
which  is  also  practiced  by  the  Burmese  bell  founders,  and  which  has  come  down  from 
the  Bronze  Age.  The  use  of  a  blast  cylinder  is  common,  superseding  blowing  by 
mouth,  or  a  bellows;  the  pan  for  washing  gold  is  of  superior  pattern;  and  the  native 
has  proCTessed  far  enough  in  constmction  to  build  an  arch,  though  a  "false  arch," 
formed  by  courses  of  stones  projecting  inward,  one  course  above  another,  and  not  the 
more  advanced  type,  the  "tme  arch,"  of  the  keystone;  and  yet  the  Igorot  has  faith 
in  the  trial  by  ordeal,  and  reckons  the  passing  of  time  by  the  height  of  the  sun,  and 
longer  periods  by  the  recurrence  of  the  moon  and  by  the  number  of  harvests. 


Chapter  IV. 

TOPOGRAPHY   AND   HYDROGRAPHY. 
TOPOGRAPHY. 

Northern  Luzon,  above  the  sixteenth  parallel  of  north  latitude,  presents  fairly  uni- 
formly a  single  topographic  type.  It  is  characterized  by  parallel  approximately 
north-south  mountain  ranges,  with  extensive  longitudinal  valley  systems.  Broadly 
speaking,  almost  in  the  center  of  the  island  is  the  main  chain,  the  Cordillera  Central, 
and  its  extensions,  the  Cordillera  del  Norte  and  the  Caraballo  Sur,  which  forms  the 
main  watershed  of  Luzon.  Two  coast  ranges,  the  Sierra  Madre  of  the  Pacific  coast, 
and  a  series  of  somewhat  irregular  ranges  on  the  west  coast,  under  a  variety  of  names, 
mark,  with  the  main  mass  shown,  the  roughly  parallel  system  of  mountain  range  ana 
valley.  From  the  central  cordillera  transversal  valleys  modify  the  regularity  of  the 
structure  and  present,  in  central  northern  Luzon,  a  broken  and  irregular  appearance, 
the  region  immediately  to  the  east  of  the  Cordillera  Central  being  particularly  irregular. 

Denudation  is  the  keynote  of  the  topography,  and  although  tne  immediate  east  and 
west  boundaries  of  the  area  more  closely  connected  with  the  territory  under  mining 
investigation  depend  to  a  greater  or  less  extent  on  the  stmcture,  the  limiting  ranges  on 
the  sides  being  tectonic  in  type,  late  volcanic  action  and  extreme  d^;radation  have 
combined  to  produce  topographic  forms  unclassifiable  under  one  head. 

The  regions  of  Mancayan  and  Suyoc  are  at  the  head  of  the  Abra  Valley,  which  has 
resulted  from  the  breaking  down  of  an  anticlinal  arch  of  wide  extent,  and  possibly  to 
some  degree  to  faulting  of  the  same. 

On  the  west  of  this  valley  lie  the  Cordillera  del  Teila,  an  escarpment  of  westward- 
tilted  sedimentaries  rising  some  4,000  feet  above  the  level  of  the  sea,  and  here  on  the 
.  east  having  a  precipitous  slope  to  the  valley  of  the  Abra  (at  Angaqui),  at  the  foot  of 
Teila  Pass,  of  3,000  feet. 

On  the  east  the  main  watershed  of  the  Cordillera  Central  marks  the  boundary  of  the 
province,  and  similarly  this  range  is  flanked  on  the  east  by  tilted  sedimentaries.  The 
valley  is  terminated  at  the  south  by  spurs  in  a  northeasterly  direction,  which  also  mark 
the  boundary  of  Lepanto  Province. 

Tlie  topography  of  the  immediate  area  of  the  mineral  exploitation  is  therefore  of  a 
limited  area  only — that  of  the  headwaters  of  the  Abra  River.  Situated  as  this  district 
is,  on  the  flank  of  Mount  Data  of  the  Cordillera  Central,  and  closely  surrounded  by  the 
limiting  ranges,  the  topographic  forms  are  dependent  to  greater  measure  upon  drainage 
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and  subsequent  degradation  than  upon  Btructure.  The  sedimentaries  to  the  west  are 
some  little  distance  from  this  region,  and  those  U)  the  east,  though  uncovered  by  river 
action  only  at  the  immediate  eastern  side  of  the  mineral  district,  have  been  buried  by 
late  volcanic  material  to  a  considerable  depth.  Drainage  from  this  region  is  directed 
altogether  to  the  north,  ultimately,  and  the  generally  northern  trend  of  the  valleys  in 
connection  with  the  usual  radial  type  of  mountain  mass  erosion  produces  the  resultant 
deeply  eroded  surface. 

Tne  small  area  over  which  mining  and  prospi^'ting  are  being  carried  on  rests  on  the 
west  slope  of  Mount  Data,  and  a  spur  which  extends  fn)m  tliat  mass  to  the  west.  As  a 
whole,  the  slope  of  Data  to  the  western  side  is  uniform,  forming  an  irregular  conical 
mass,  around  tne  base  of  which  runs  the  Abra  River  and  its  tributaries.  On  account  of 
rainfall  conditions  the  erosion  has  been  marked  and  steep  gorges,  V-shaped,  are  the 
rule.  The  upper  volcanic  rocks  of  the  eastern  portion  of  the  region  are  of  a  yielding 
nature,  and  erosion  produces  rounded  forms,  "hogbacks.'*  and  mounds,  giving  a  quite 
regular  slope  to  the  immediate  base  of  Dat^.  Further  to  west,  where  the  rock  masses 
are  harder,  and  in  the  intermediate  areas,  where  the  streams  cut  through  into  the  hard 
material  beneath,  the  steep-sloped  ravines  predominate,  and  the  drainage  is  di^'^ded 
so  carefully  that  ridges  and  spurs  give  at  the  top  but  space  for  a  foot  trail.  I^tteral 
erosion  has  been  deep  and  rapid,  and  a  general  topographic  map  of  a  large  area  will 
show  a  well-dissecte(i  region. 

The  towns  of  Mancayan  and  Suyoc  are  situated  on  the  top  of  the  less  resistant  mate- 
rial spoken  of,  and  the  appearance  of  the  area  around  them,  rounded  and  rolling,  is  in 
decided  contrast  to  the  steep  slopes  and  rapid  fall  of  the  gorges  and  river  channels  at 
their  immediate  boundaries. 

HYDROGRAPHY. 

The  region  of  Mancayan,  situated  as  it  is  on  the  slopes  of  Mount  Data,  is  well  drained 
by  numerous  streams,  chief  among  them  being  the  Abra  and  its  tributaries.  The  course 
of  the  Abra  proper  is  somewhat  peculiar.  It  rises  a  little  south  of  Mancayan,  flowing  in 
a  southern  direction,  for  a  short  distance,  describing  a  semicircular  course  through  well- 
cut,  V-shaped  gorges  to  Comillas,  northwest  of  Mancayan.  From  there  on  the  course  of 
the  river  is  normal,  winding  through  the  broad  valley  between  the  (Cordilleras  de  Teila 
and  Solis. 

Starting  from  Tuboc,  the  barrio  nearly  in  the  center  of  the  district,  the  Mancayan 
River  cuts  an  almost  straight  path  to  its  j  unction  with  the  Abra  at  Comillas.  At  a  short 
distance  from  its  origin  it  is  entered  on  the  east  by  the  shorter  stream  known  as  the 
Mangambang,  or  Tabio,  which  rises  on  the  Aban  spur  of  Mount  Data,  and  cuts  the 
gorge  of  some  500  feet  through  the  deposits  of  copper  at  Mancayan.  Farther  to  the  east , 
on  the  upper  slopes  of  Mount  Data,  the  river  early  develops  power,  and  flowing  west- 
ward for  1  or  2  miles  turns  abruptly  to  the  north  at  a  right  angle,  and  finaUy  debouches 
into  the  Mancayan  at  Baguis,  3  miles  above  (south  of)  Comulas. 

The  River  Maanse  has  its  origin  south  of  the  Mangambang,  or  Tabio,  on  the  same 
spur  (Mount  Aban),  flows  west  to  Tuboc,  thence  south  to  Cayan,  where  it  is  met  by 
tne  gullies  draining  the  northern  side  of  Suyoc  Hill,  and  then  in  a  westerly  direction 
pursues  a  winding  course  through  steep,  V-shaped  gorges  to  the  Abra,  several  miles 
southwest  of  Suyoc. 

The  topography  and  geology  of  the  region  have  affected  the  drainage  to  a  consider- 
able extent,  as  will  be  spoken  of  later.  The  rivers  north  of  Mancayan  present  the 
usual  condition  of  mountain-river  type — the  torrential  water  course,  heavy  falls,  a 
swift,  deep-gorge-cuttin^  stream  debouching  into  the  broad  valley  below.  But  south 
of  Mancayan  irregularities  of  drainage  are  met  with  that  indicate  certain  orographic 
changes  and  influences  due  to  the  nature  of  the  rock  masses. 

All  the  rivers  of  the  region  could  be  described  as  in  first  and  second  stages  of  devel- 
opment, with  steep  declivities.  They  are  to  considerable  extent  dependent  upon 
the  seasonal  changes  for  their  volume  and  show  laree  variation  between  extremes. 
During  the  dry  season,  only  the  springs  and  the  "old'*  water  keep  up  the  volume. 
There  is  a  very  great  diminishment  in  volume  and  power,  though  tne  streams  do  not 
by  any  means  run  dry.  From  the  beginning  of  the  rainy  season  the  river  steadily 
increases  in  size,  and  becomes,  after  the  occasional,  long,  steady  torrents  of  rain,  . 
tremendous  confined  floods.  Until  the  water  reaches  Comillas  there  is,  in  the  case 
of  the  upper  valley  of  the  Abra,  no  chance  for  expansion  over  any  considerable  area, 
and  in  consequence  the  rapidity  and  power  of  these  streams  is  something  astounding. 
Streams  whicn  were  but  knee-deep  and  a  few  feet  in  width  become  torrents  that  a 
horse  can  not  ford.  Under  these  conditions  erosion  has  been  rapid  and  has  its  effect 
in  the  topographic  form. 

The  Aora  River  waters  above  Suyoc  and  those  of  the  Bat-Bat  River  to  the  east 
are  hardly  potable  from  the  viewpoint  of  the  European,  while  the  streams  heading 
up  in  the  mineral  r^on,  as  the  Maanse,  Pacat,  Mancayan,  are  extremely  bad.    A 
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great  amount  of  copper  and  iron  salts  is  present,  as  well  as  arsenical  soluble  salts, 
and  certain  springs  are  quite  poisonous.  At  the  meeting  of  the  Mancayan  River, 
which  is  very  clear,  and  the  Mangambang  River,  slightly  milky  and  brownish,  thero 
is  deposited  a  vivid  blue  film  or  coating  in  the  bed,  which  diminishes  in  intensity 
for  fully  2,000  feet  downstream,  and  the  vivid  blue  color  of  the  water  and  of  the  blue- 
coated  oed  produced  by  the  chemical  reaction  is  plainly  discernible  from  the  tops  of 
the  surrounding  ridges.  The  explanation  of  this  unusually  strong  reaction  lies  in  the 
fact  that  the  Mangambang  River,  as  heretofore  stated,  cuts  directly  through  the  deposit 
of  the  copper  minerals  of  the  old  mines,  and  the  Upper  Mancayan  River  drains  an 
area  more  or  less  shattered  and  decomposed,  with  a  ^eat  deal  of  altering  iron  sidphides. 

The  occurrence  is  so  striking  that  m  previous  times  it  certainly  should  have  been 
and  probably  was  an  index  finger  to  the  prospector. 

There  are,  however,  many  springs  among  the  extraordinary  number  with  which 
the  district  is  watered,  a  number  of  which  give  cool,  clear,  and  pure  (no  analysis 
made)  water.    These  waters  are  fairly  potable. 

Hot  sprines,  while  not  flowing  in  the  immediate  area  under  consideration,  are 
prevalent  all  through  this  mountain  region.  In  the  province  of  Benguet,  some  40 
miles  to  the  southwest,  there  are  numerous  active  spriiis,  which  are  sufficiently  large 
in  volume  and  temperature  to  be  worthy  of  considerable  attention.  And  in  Lepanto 
Province,  to  the  north  of  Mancayan,  there  exists  a  similar  region.  The  nearest  of  these 
occurrences  is  at  Comillas,  less  than  10  miles  northwest  of  Mancayan  on  the  trail  to 
Cervantes,  where  the  trail  crosses  the  River  Abra.  Here  there  is  a  small  hot  spring 
which  has  been  described  by  Centeno,  under  the  Spanish  r^ime,  as  a  ferruginous 
sodium-chloride  spring. 

At  Cervantes,  in  the  flood  plain  of  the  River  Abra,  by  which  it  is  covered  at  periods 
of  high  water,  are  several  springs,  or,  in  all  probability,  several  vents  of  the  same 
spring,  within  a  comparatively  few  feet  of  one  another. 

On  these  springs,  as  well  as  many  others  of  the  islands,  the  Spanish  Government 
made  more  or  less  extensive  reports,  and  the  following  excerpts  are  chosen  from  the 
reports  mentioned,  as  of  some  value.    Of  the  Comillas  springs,  Centeno  a  says: 

"  It  gushes  out  of  an  ancient  wash  of  angular  dioritic  and  other  eruptive  rocks,  form- 
ing a  small  pool  at  the  river,  in  which,  notwithstanding  the  high  temperature,  which 
the  human  Dody  hardly  can  bear,  the  Igorots  are  accustomed  to  bathe,  with^good 
results  in  the  great  variety  of  cutaneous  diseases  to  which  they  are  subject.  From 
this  comes  the  great  faith  in  their  waters,  that  these  poor  people  have.  Guided  as 
they  are  by  superstition  in  almost  every  act  of  their  lives,  they  never  bathe  here  with- 
out invoking  tne  favor  of  the  *anitos*  of  the  spring,  making  a  modest  offering,  which 
generally  consists  of  a  little  *palay  *  or  rice,  which  they  throw  into  the  pool.** 

Centeno  gives  the  height  of  this  spring  as  460  meters  (1,518  feet)  above  sea  level: 
from  the  recent  survey  it  is  approximately  1,400  feet.  A  flow  of  1.43  liters  per  second 
was  recorded,  or  123  cubic  meters  in  twenty-four  hours.  The  water  is  clear,  trans- 
parent, inodorous,  and  tastes  salty;  neutral  reaction  on  litmus;  no  gaseous  emanations; 
temperature  of  the  water,  50**  C.  (the  air,  26**  C,  December  17,  1886);  density  at  O*'  C 
and  760  millimeters  is  1.004375. 

Analysis  of  1  liter  of  the  water  is  as  follows: 


Content. 


CO, 

Ca,0  (precipitated  by  boiling) 

MgtO  (precipitated  by  boiling) 

FeO  (ferroso)  (precipitated  by  boiling) 

8iO, 

FeO  (in  the  decanted  liquid) 


Weight. 


Oram. 
0.060000 
.006720 
.006882 
Trace. 
.074400 
.180000 


Content. 


CaO  (in  the  decanted  liquid) 

NaK)...   /..... 

LiO 

Sos 

CI 


Weight. 


Oram. 

0.066016 
.26834» 
Trace. 
.132532 
.316655 


aMemoria  Descrlptiva  de  los  Manantiales  de  la  Isia  de  Luzon. 
1800. 


D.  Jo84  Centeno  (et  al.),  Madrid, 
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Residue  obtained  by  the  direct  evaporation  of  1  liter  of  water  and  dried  at  180^  0. 
(approximately)  weighed  0.851000  gram.  It  is  calculated  from  the  analysis  that  1  liter 
of  water  at  50°  C.  contains  in  solution: 


Content. 

Weight.  [' 

Content. 

Weight. 

0 

Cubic  centimeter 9. 

a965000 

7.930000 

17.556S75 

Oram.    '1 
0.005669  1    Fe80< -. 

Oram*. 
a  018339 

N 

COj  (free)  . . 

.000961    i  NaCl 

.034669  i    LICl 

.017280  ,    Feci 

.021653   1  8iO, 

Trace.  , 

.206896   '             Total. 

.506678 
Trace. 

CACk>a 

.016427 

MgCot 

.074400 

FeCOi 

CaSOi..  . 

.913972 

The  Cervantes  spring  issues  from  the  margin  of  the  river,  at  a  height  (Centeno)  of  435 
meters  above  sea  level,  at  a  rate  of  0.24  liter  per  second. 

The  water  is  clear,  transparent,  uncolored,  inodorous,  with  a  slightly  salty,  hard 
taste.  It  gives  out  bubbles  of  gas,  and  the  litmus  paper  shows  a  neutral  reaction.  The 
temperature  of  the  water  is  56°  C.  (air,  25°  C.)  and  density  at  0°  C.  and  760  millimeters 
is  1.004732. 

Anhydrous  substances  in  1  liter  of  the  water  are  as  below: 


Content. 


Co«.. 
SiOi. 
CaO. 
MgO. 
NafO 


Weight. 


Oram. 
a004000 
.032000 
.237440 
.005125 
.426687 


Content. 


Sof 

CI 

AlfO, 

CaCoi 

Organic  matter 


Weight. 


Oram. 
0.521888 

.335456 

Trace. 

Trace. 

Trace. 


Residue  obtained  by  evaporation  of  1  liter =1.483000  grams. 

Resulting  from  the  analysis,  it  is  computed  that  1  liter  of  this  water  at  50°  C.  contains 
in  solution: 


Content. 


Cubic  centimeters. 

Cot 2.026508 

Air 10. 

CaSo4 

NatSO* 

NaCl 

MgCl 


Weight. 


Content. 


Oram. 

0.004000  1  CaCC. 

.013828      SiOj 

.676640      AliOj 

.324147  I   Organic  matter. 

.638121  I 

.012000  Total 


Weight. 


Oram. 

Trace. 
0.032000 

Trace. 

Trace. 


1.500736 


Both  these  springs,  it  is  claimed,  have  a  decided  medical  value,  and  are  largely  used 
by  the  natives  both  for  bathing  and  drinking  purposes. 

At  Angaqui  are  other  springs  of  a  sulphurous  nature,  and  in  the  eastern  portion  of  the 
province  are  also  many  saline  and  hot  springs,  all  of  which  constitute  a  feature  of  this 
and  much  of  the  rest  of  the  island  of  Luzon. 


Chapter  V. 

GENERAL   GEOLOGY. 


LOCAL  AND  STEUCTUBAL. 

The  geology  of  the  limited  area  in  which  ore  deposits  are  found  is  dependent,  simi- 
larly to  the  topography,  to  a  considerable  extent  on  the  general  conditions  of  northern 
Luzon.  Up  to  date  but  little  has  been  known  of  the  geologic  conditions  north  of  the 
central  plain  of  Luzon,  and,  aside  from  disconnected  notes  made  by  occasional  visit- 
ing geologists,  the  geology  of  the  entire  northern  part  of  Luzon  was  mere  conjecture. 
The  Spanish  authorities  made  an  occasional  visit  to  certain  localities,  one  of  which 
(Hernandez's  inspection  of  the  Lepanto  area)  has  already  been  noted,  and,  note- 
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worthy  among  the  others,  Mr.  R.  von  Draache  visited  this  area  in  1875  and  gave  to 
the  public  his  observations.  Before  these  observations  and  deductions  of  Von  Drasche, 
rapidly  made  but  showing  a  thoroughly  trained  mind,  the  views  as  to  the  constitu- 
tion of  this  part  of  the  island  were  quite  at  a  loss  for  some  facts  to  tie  to.  Semper  a 
speaks  of  the  " trachytic  core"  of  the  island,  and  the  adjacent  and  overlying  sedimen- 
tar)r  strata  of  recent  age.  J.  Roth,  6  a  short  time  later,  compiling  the  information 
available  at  that  time,  states  that  "on  a  formation  of  crystalline  schists'*  lie  the  Ter- 
tiary strata.  Roth's  conclusions  were  drawn  from  the  observed  occurrence  of  schists 
in  the  islands  of  Cebu,  Leyte,  Mindanao,  and  in  the  Camarines  Provinces  of  southern 
Luzon,  and  also  the  occurrences  noted  by  Itier  c  of  stream  pebbles  at  Angat,  in  Bulacan 
Province. 

Mr.  Becker  in  this  report,^  which  gives  lis  the  most  complete  and  concise  state- 
ment of  all  known  information,  draws  the  inference  that  the  crystalline  schists  are 
predominant  in  the  basal  mass  of  the  islands;  and  reasoning  from  analogous  condi- 
tions in  Borneo,  and  the  observed  facts  of  the  known  occiurences  of  ore  deposits  asso- 
ciated with  schists  or  crystalline  massives,  he  so  summarizes  the  previous  observations. 

From  the  slight  amount  of  work  already  done  it  seems  probable  that  the  schists  do 
not  occupy  as  important  a  place  as  taken  for  granted  by  Mr.  Becker,  but  that,  as 
Abella  generalizes, «  the  diorites  and  dioritic  rocks  in  general  are  the  oldest  rocks,  at 
least  north  of  the  great  plain  of  Luzon.  As  far  north  as  the  province  of  Abra,  my 
observations  have  borne  this  out,  and  in  this  region,  west  of  the  Cordillera  Central,  no 
schists  have  been  observed. 

From  the  west  coast  of  Luzon,  particularly  at  Candon,  the  point  on  the  coast  at 
which  the  party  disembarked,  to  the  Cordillera  Central,  at  the  mass  of  Mount  Data, 
the  general  relations  of  the  rocks  are  as  seen  by  a  reference  to  the  ideal  section./  The 
sedimentaries  outcrop  a  mile  or  so  east  of  Candon.  at  that  locality  dippine  40°  north- 
east; between  Candon  and  Concepcion  gentle  folaing  has  taken  place,  and  the  valley 
of  the  Balidbid  River  exposes  recurrent  anticlines  and  synclines,  the  region  bearing 
a  striking  resemblance  to  the  Potomac  River  valle^r  and  others  of  like  type  in  the 
Piedmont  area  in  Pennsylvania,  Maryland,  and  Virginia. 

At  Concepcion,  which  is  situated  in  a  flanking  vwley  at  the  foot  of  the  west  slope 
of  the  range,  the  tilted  sedimentaries  are  a  prominent  feature  of  the  landscape.  Great 
jagg;ed  blocks  are  tilted  up  against  the  main  mass  of  this  range,  giving  me  slope  a 
peculiar  flat  and  geometrical  effect. 

At  the  crest  of  the  Cordillera  del  Teila,  as  the  coast  range  at  this  point  is  called, 
appears  a  great  thickness  of  limestone,  dipping  to  the  southwest,  and  below  it  a  heavy, 
tnick  con^omerate,  cropping  on  the  eastern  scarp.  The  upper  limestone,  of  a  thick- 
ness of  hundreds  of  feet,  forms  the  crest  of  the  ranse  for  an  unknown  distance;  no  fossils 
were  collected  dining  the  hasty  march,  but  in  aU  probability  search  will  reveal  some 
organic  remains;  Santos  (quotes  Semper  as  authonty  for  the  determination  of  num- 
mulites  from  these  beds,  in  abundance,  and  for  the  statement  that  the  nummulites 
"have  up  to  now  occurred  in  the  Eocene  (*  paleo  th^rico  de  M.  Cordier')  or  in  the 
immediately  adjacent  Upper  Cretaceous."  Beckers  cautions  the  geological  observer 
from  inferring  an  upheaval  from  inclined  stratification,  but  on  account  of  the  adjacent 
conglomerate  and  slates  it  is  fairly  certain  that  the  tilting  of  the  limestone  may  be 
traced  to  structural  causes  and  that  the  question  of  coral  growth  and  pseudo-stratifica- 
tion does  not  enter  here. 

The  basal  conglomerate  is  also  of  great  thickness,  and,  while  on  stratigraphical 
grounds  it  may  not  as  yet  be  correlated  accurately,  it  would  appear  from  the  continuity 
of  these  sedimentaries,  observed  from  occasional  peaks  in  going  to  the  south  through 
Benguet,  and  on  lithological  grounds,  that  these  are  the  extension  of  the  "Agno  beds" 
of  Von  Drasche.  In  the  Agno  River  they  are  described  by  Von  Drasche  sia  consisting 
in  the  lower  portions  of  coarse  breccias  and  conglomerate  of  dioritic  rocks,  very  coarsely 
bedded,  with  pebbles  often  of  enormous  size. 

Regarding  the  ages  of  these  rocks  nothing  can  be  said,  except  the  deductions  already 
made  by  others.  In  the  present  work  economic  problems  were  of  the  first  importance 
and  these  sedimentaries  apparently  have  no  specific  connection  with  the  ore  deposits  of 

a  Die  Philippinen  und  ihre  Bewohner.     1869. 
6  Constitucion  Geologica  de  Filipinas. 
cBull.  Soc.  Geog.,  Paris,  3d  series,  Vol.  V,  1845. 

rf  Geology  of  the  Philippine  Islands,  1901,  U.  S.  Geological  Survey,  Twenty-first 
Ann.  Report. 

<  Apuntos  fisicos  y  geologicos.    1884. 
/Plate  XXIII. 
^Op.  cit.,  p.  56L 
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Lepanto.  Von  Draschea  first  claased  them  as  primitive,  then  PtJeozoic.  Later 
Abella  seems  to  have  obtained  fossils  in  the  upper  strata  of  shells  of  surviving  species 
and  lignite,  and  adopts  the  hypothesis  that  these  Agno  beds  represent  the  basal  con- 
glomerate formed  during^  the  Miocene  subsidence  of  the  Philippine  group. 

Mr.  Becker  remarks,  in  this  connection,  that  "it  is  temptingto  seek  in  them  (the 
Agno  beds)  the  equivalent  of  Mr.  Verbeek's  breccia  stage  of  the  Eocene,  which  consist 
of  unfossiliferous  strata  underlying  Stage  a:  but  the  absence  in  the  region  of  Benguet  of 
the  Oebuan  lignitic  series  and  the  character  of  the  organic  remains  appear  to  indicate 
that  this  portion  of  Luzon  was  above  water  during  Eocene  time.*'  It  may  be  possible 
that  the  tentative  suggestion  of  this  correlation  may  be  later  worked  out,  as  it  has  hap- 
pened that  lately  a  small  seam  of  lignite  has  been  discovered  on  the  Benguet  road  in 
this  region.  As  it  was  not  seen,  its  relations  to  the  Agno  beds  are  not  known,  and  the 
coming  field  season  in  this  area  may  throw  some  light  on  the  subject. 

The  valley  of  the  Abra  River  is  cut,  from  these  sedimentaries  on  the  west  to  the  Cor- 
dillera Central,  in  igneous  rocks  of  various  composition.  With  the  exception  of  an 
olivine  basalt  (?)  noted  near  Cervantes,  no  general  lines  were  followed  until  the  Man- 
cayan  district  was  reached. 

Here,  after  study  of  the  area,  the  structure  reveals  an  underlying  diorite,  the  occur- 
rence of  which  again  confirms  Abella's  deductions. 

Various  igp[ieou8  intrusions  have  taken  place  in  the  basal  diorite,  one  of  the  most  note- 
worthy having  a  considerable  expanse  immediately  west  of  Mancayan,  the  Mancayan 
River  roughly  following  the  contact  between  the  two  for  a  mile  or  more.  This  mass 
seems  to  have  no  relation  to  the  economic  aspect  of  the  region,  and  except  for  a  descrip- 
tion of  the  rock  (called  the  Bagan  granite,  from  its  occurrence  on  the  mountain  of  that 
name),  will  not  be  noted  further.  Other  intrusions,  and  especially  a  mass  at  Suyoc, 
seem  to  have  some  bearing  on  the  ore  deposits  and  will  be  taken  up.  Except  for  the 
more  important  rocks  of  those  having  a  direct  bearing  on  the  economic  problem  of  this 
district,  geological  work  on  the  rocks  of  this  region  wul  be  reserved  until  suitable  map- 
ping may  be  done. 

One  of  the  most  important  masses,  however,  is  the  ''trachyte"  of  Santos  and  Von 
Drasche,  which  predominate  to  the  east  of  Mancayan.  The  basal  diorite,  named  the 
"Mancayan"  diorite,  from  its  best  exposures  in  the  river  of  that  name,  is  overlain  to  a 
variable  depth  by  a  crystalline  neovolcanic  rock,  classified,  as  stated,  as  sanidine- 
trachyte  by  Von  Drasche^  and  by  Santos  expressed  as  "porfido  arcilloeo;"  this  Mr. 
Becker  translates  at  argillaceous  porphyry,  and  interprets  as  a  quartzless,  partially 
decomposed  lava.  This  igneous  rock  outcrops  on  the  west  side  of  the  hill  on  which  is 
situated  the  town  of  Mancayan,  and  the  contact  follows  a  north -south  approximation 
through  Suyoc  into  Benguet.  The  same  rock  was  observed  at  the  town  of  Daklan,  in' 
Benguet,  over  30  miles  south,  and  is  evidently  some  extensive  lava  flow  of  late  age. 
Facies  of  this  occurrence  were  observed  on  the  western  slopes  of  Mount  Data,  and  firom 
the  top(^;raphy  and  structure  of  the  region  it  is  thought  that  the  source  of  the  outburst 
shoula  he  to  the  east.  Mount  Data  has  been  alluded  to  generaUy  as  an  extinct  volcano, 
and  mention  is  made  of  a  crater  lake  at  its  summit  by  Meyer .^  He  states  that  he 
ascended  Data  (in  1882),  measured  its  height  by  barometer  as  2,245  meters,  and  found  a 
lake  1,100  yards  in  diameter  on  a  bench  on  the  eastern  slope  of  the  highest  part  of  the 
mountain. 

None  of  those  who  have  given  to  the  public  notes  on  this  re^on  have  made  mention 
of  sedimentaries  on  the  west  slope  of  Data.  These  clays  and  limestones  were  observed 
in  a  river  cutting  the  base  of  Mount  Data,  dipping  about  20°  to  the  east.  Over 
the  upturned  edges  of  these  rocks,  which  have  a  section  of  some  500  or  600  feet  exposed 
by  waterfalls,  spreads  the  "trachyte"  of  Von  Drasche,  and  the  upper  portion  of  the 
mountain  is,  as  far  as  is  known,  of  the  same  material. 

Judging  from  the  structure,  therefore,  it  is  at  least  open  to  doubt  if  the  mass  of  Data, 
as  generaUy  supposed,  is  the  remains  of  an  extinct  volcano,  or  whether  Data  b  the  resid- 
ual mass  left  by  erosion  of  the  eastern  limb  of  the  broken  anticlinal  arch  added  to  by 
later  volcanic  action,  either  intrusive  or  effusive.  It  is  certain,  however,  that  lime- 
stones and  a  small  seam  of  coal  do  outcrop  on  the  eastern  fiank  of  Data,  and  that  at 
Cayan,  or  its  vicinity,  east  of  Cervantes,  the  limestone  is  again  met  with,  these  lime- 
stones containing  numerous  forminifera  (nummulites),  according  to  Semper. c  If 
Data  is  of  volcanic  autogenesis,  the  activity  was  probably  of  a  laccolithic  type,  intru- 
sive, and  not  of  the  general  mountain-building  type  prevalent  generally  in  the  islands. 


o  I  a^in  have  to  thank  Mr.  Becker  for  his  valuable  r^sum^  of  past  explorers;  from  his 
report  is  taken  most  of  the  following. 
b  Weltreise,  1890,  pp.  253-287. 
c  That  is,  if  Santos  has  quoted  correctly. 
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The  maasive  igneous  rocks  of  this  locality  are  represented  by  diorite,  granite,  quartz 
porphvry,  trachyte,  and  one  or  more  varieties  of  igneous  intrusions  that  are  not 
described.  It  is  unfortunate  that  many  rock  analyses  and  determinations  could  not  be 
obtained  in  time  to  be  of  service  as  data  for  this  report,  and  also  that  in  spite  of  every 
effort  it  was  found  impossible  to  prepare  thin  sections  of  one  of  the  most  important 
rocks  in  the  district,  the  "trachyte "  of  Von  Drasche.  Due  to  the  decomposed  nature 
of  this  mass  and  the  somewhat  limited  mechanical  facilities  at  service,  no  satisfac- 
tory section  of  this  rock  is  ready,  and  the  additional  lack  of  analyses  prevents  more 
than  a  megascopic  description  of  it. 


THE  HANCAYAN  DIORITE. 


The  diorite  of  this  locality,  the  "Mancayan"  diorite,  is,  on  megascopic  inspection,  a 
dark-^een  granular  rock,  coming  well  under  the  field  classificatory  «  name  of  diorite. 
Within  the  Lepanto  area  it  is  uniform  in  texture  and  structure,  showing  imusually 
little  of  the  variability  of  dioritic  types.  As  noted  before,  the  same  type  is  noted  in 
Benguet  and  other  areas,  and  there  are  good  groimds  for  believing  that  tne  diorite  is  a 
widely  extended  mass. 

The  relative  size  of  the  hornblende  and  feldspar  give  the  rock  its  color,  and  in  a  hand 
specimen  the  amphibole  is  apparently  predominant.  On  weathered  surfaces,  how- 
ever, the  feldspar  stands  out  in  light-colored  lath  or  rod-shaped  crystals,  within  a 
matrix  of  the  amphibole.     No  other  minerals  are  noted,  megascopically. 

In  the  examination  of  the  thin  sections  there  is  revealed  a  plagioclase,  in  rod  or  lath 
shaped  crystals,  involved  in  a  matrix  of  green  hornblende.  The  plagioclase,  as  seen 
on  symmetrically  cut  twins,  is  apparently  labradorite,  evidently  of  earlier  formation 
than  the  hornblende.  This  reversal  of  the  normal  order  of  crystallization  produces  the 
pseudo-ophitic  structure  noted.  The  feldspar  is  white,  cloudy,  with  dull,  earthy 
luster;  no  zonary  banding  observed  in  the  limited  sections  and  no  kaolinization  to  a 
great  extent. 

The  next  important  mineral,  the  hornblende,  occurs  in  flakes  and  very  fragmentary 
masses  surrounding  the  feldspar  lathes:  light  green  in  the  section  and  has  a  low  extinc- 
tion angle  which  can  not  be  exactly  determined,  owing  to  the  fra^gmentary  nature  of 
the  mineral.  No  uralitization  was  noted,  though  the  transposition  of  gabbros  or 
diabases  to  this  diorite  may  not  be  positively  denied. 

No  quartz  present,  nor  mica.  Olivine  occurs  in  rounded  grains  in  the  hornblende, 
showing  slight  alteration.    Magnetite  also  noted,  in  typical  forms. 

Four  analyses  i)  of  the  Mancayan  diorite  follow: 


No.  1. 

No.  2. 

No.  3. 

No.  4. 

Moisture,  110* 

Percent. 

0.50 

2.74 

60.67 

21.21 

11.31 

.21 

6.86 

4.10 

.10 

1.41 

Percent. 
0.28 
1.38 
51 

18.01 
.23 
9.31 
8.89 
6.53 
.46 
4.42 

Percent. 
0.38 
.70 
47.98 
1&94 
7.08 
3.98 
11.01 
7.06 
.44 
2.66 

Percent. 
a  12 

Loss  on  iffnltion 

2.26 

SlOj 

47.94 

AIjOi 

21.96 

FesOa 

2.48 

FeO 

a42 

CaO 

12.63 

MgO 

6.83 

K?o : 

.19 

NatO 

1.49 

Total 

99.11 

100.51 

100.13 

99.35 

Local  variations  may  possibly  explain  variation  in  these  analyses,  in  the  instances  of 
the  lime  and  ferric-oxide  content.  The  lime  appears  rather  above  the  normal  for  this 
type  of  rock,  as  are  the  alumina  and  magnesia  to  a  lesser  degree.  The  remaining 
constituents  appear  about  normal. 

THE  BAGAN  GBANITE. 

This  intrusive  mass,  the  contact  of  which  with  the  Mancayan  diorite  is  followed  by 
the  Mancayan  River,  west  of  the  town  of  the  same  name,  is  a  light-colored,  medium, 
and  evenly  grained  rock,  seen  by  megascopic  inspection  to  consist  of  quartz,  orthoclase, 

«  Cross,  Pirsson,  Iddings,  Washington:  A  Quantitative  Chemico-Mineralogical 
Classification  and  Nomenclature  of  Igneous  Rocks.     Chicago,  1902. 

ft  Analyses  by  Mr.  L.  S.  Salinger,  Bureau  of  Government  Laboratories,  Manila, 
P.  1.,  1906. 
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and  hornblende.  It  is  evidently  holocrystalline,  and  typically  granitoid  in  texture, 
coming  under  a  "granite"  in  a  field  classification  of  phanerites.  At  its  contact  with 
the  Mancayan  diorite,  sharp  and  clearly  defined,  from  inter  fingerine  of  the  two  masses, 
most  of  the  places  seen  indicate  that  the  granite  is  later  than  and  intruded  into  the 
older  diorite.  Alteration  or  metamorphic  action  has  taken  place  only  to  a  very  limited 
extent,  and  in  many  instances  sharp  angular  "horses"  of  the  diorite  are  included  in 
the  granite,  near  the  contact,  with  no  change  whatever. 

Under  the  microscope  this  rock  is  readily  classified  as  a  hornblende  granite,  showing 
quartz,  feldspar,  and  nornblende  only  in  the  slides  examined. 

The  quartz  is  typical  of  similar  occurrences  elsewhere — ^xenomorphic  colorless  grsdns 
and  masses,  glassy  in  its  pelucidity  and  clearness,  with  numerous  dust  particles  and 
gaseous  inclusions. 

Both  soda  and  lime  feldspars  occur,  with  orthoclase  predominant,  in  simple  crystals, 
and  numerous  twins.  Little  of  the  feldspar  is  fresh,  and  it  shows  the  typical  decom- 
position structure,  with  well-marked  cleavage  planes  and  pearly  luster. 

The  hornblende  is  also  normal.  Irregular  masses,  showing  prismatic  cleavage;  the 
ordinary  green  variety  is  predominant,  and  occurrence  of  glaucophane  (?)  is  noted. 
Other  facies  of  the  same  rock  give  the  more  common  brown  of  the  nornblende,  and  in 
these  some  slightly  more  idiomorphic  forms  are  noted. 

Magnetite  and  possibly  other  iron  minerals  occur  in  abundant  groups  of  crystals. 
There  are  also  small  inclusions,  indeterminate,  of  a  highly  refractive  mineral,  which 
(gest  possible  titanite.    Apatite  occurs  in  small  amounts. 
Analyses  «  of  this  rock  follow: 


Moisture 

Loss  on  ignition 

Silica  (SiO,) 

Altimlna  ( AlsOa) 

Ferric  oxide  (FesOs 

Ferrous  oxide  (FeO) . . . 

Lime  (CaO) 

Magnesia  (MgO) 

Potassium  oxide  (KtO) 
Sodium  oxide  (NaiO) . . 

Total 


No.  L 


Percent. 

ao2 

.39 

77.21 

15.38 

.72 

.93 

2.18 

.42 

.50 

2.26 


loaoi 


No.  2. 


Per  cent. 

0.13 

.84 

73.56 

L42 

1.27 

14.30 

2.50 

.79 

.38 

&09 


100.28 


No.  3. 


Percent. 
0.20 
1.01 

71.80 
2.46 
1.93 

14.28 
2.96 
.22 
1.54 
3.02 


90.42 


THB  QUARTZ  PORPHYRY. 

This  rock,  the  mass  characterized  by  Santos  &  as  "porfido  aigilloso,''  or  argillaceous 
porphyry,  as  Becker  translates  it,  occurs  on  the  western  side  of  the  Mancayan  hill, 
restmg  on  the  Mancayan  diorite  beneath.  This  one  outcrop  extends  a  distance  of  sev- 
eral miles,  disappearing  north  and  south  under  the  "trachyte'*  which  covers  it  at 
Mancayan.  There  are  to  the  north  several  smaller  outcrops,  isolated  masses  or  islands, 
and  the  whole  mass  has  been  the  subject  of  considerable  conjecture  and  limited  study, 
having,  as  it  does,  a  direct  bearing  on  the  ore  deposits  of  the  copper  region. 

Santosc  describes  it  as  *'a  auartzose  mass  in  a  vertical  position,  not  more  than  80  or 
100  meters  in  thickness,  whicn  strikes  northwest,  and  is  exposed  at  the  southeast  by  a 
peat  cut,  partly  due  to  the  mining  operations  of  the  natives.  Toward  the  northwest 
It  is  partially  concealed  and  disappears  under  argillaceous  porphyry  (porfido  amlloso), 
whicn  is  more  recent.  The  siliceous  mass  is  of  the  same  character  throughout  its 
extent;  it  is  sometimes  compact,  sometimes  crystalline,  often  porous,  and  always 
chai^ged  with  iron  pyrite.  It  contains  decomposed  feldspar  in  irregular  veins,  or  por- 
phyritically  disposed.  The  croppings  are  of  columnar  torm.  The  whole  mass  is  fis- 
sured or  iointed  in  different  directions."  Mr.  von  Drasche  later  visited  this  locality, 
but  could  not  discover  the  rock  relations.  He  speaks/*  of  the  rock  as  a  rhyolitic 
quartz-trachyte,  which  shows  flow  structure,  with  variations  in  the  color  of  the  ground- 
mass  from  dark  gray  to  red.  In  this  thick,  hard,  splintery  ground  mass  are  quartz 
fragments,  extremely  numerous.  They  are  never  rounded  nor  do  they  show  other  than 
a  regular  character;  they  attain  a  thickness  of  4  millimeters.  Thin  sections  gave  him 
no  clew  to  the  nature  of  the  ground  mass,  but  he  states  that  it  is  evident  that  tne  quartz 

o  Bureau  of  government  laboratories. 
b  Op.  cit. 

c  Informe  sobre  las  minas  de  cobre,  p.  25. 
<*  Von  Darsche,  Fragment e,  p.  37. 
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fragments  have  not  come  from  the  ground  mass  and  that  they  were  *' wrapped  up"  by 
the  still  fluid  magma. 

The  two  descriptions  already  given  cover  fairly  well  the  general  aspect  of  this  rock — 
it  is  a  hard,  flinty,  red  to  yellow-white  quartz  leucophyre  with  prominent  quartz 
phenocrysts.  Nothing  can  be  made  of  this  sround  mass  with  the  naked  eye,  and  the 
study  of  the  thin  section  reveals  little  but  that  it  is  extremely  siliceous.  The  quartz 
seems  to  be  perfectly  clear  and  oftenjperfect  in  crystalline  form,  and  the  doubly  termi- 
nated hexahedron  predominates,  liiere  is  little  or  no  superficial  weathering  of  the 
rock  mass,  though  the  entire  rock  shows  ereat  alteration,  and  is  without  doubt  a  prod- 
uct of  metamorphic  processes.  Under  tne  microscope  the  porphyritic  nature  of  the 
rock  is  more  clearly  visible — ^whole  and  fractured  quartzes  set  in  a  quartz-feldspar 
paste  from  which  little  can  be  determined.  Spaces  of  dissolution  are  a  prominent  fea- 
ture of  the  rock,  occasionally  giving  a  cellular  structure,  and  the  presence  of  pyrite  and 
m^etite  is  everywhere  noteworthy. 

From  the  few  sections  at  hand,  none  of  which  proved  to  be  entirely  satisfactonr,  little 
positive  information  could  be  gathered.  It  does  not  appear,  however,  that  Mr.  Santos's 
conception  of  the  mass  can  be  regarded  as  correct;  carefid  search  was  made  for  the 
columnar  structure  he  noted,  but  beyond  a  series  of  cross  fractures  which  form  a  notice- 
able characteristic  of  the  exposure,  it  is  certain  that  he  must  have  been  misled. 
Similarly,  there  is  not  the  slightest  hint  of  sedimentary  origin  in  any  of  the  exposures 
or  thin  sections  examined. 

Mr.  von  Drasche's  necessarily  hasty  observations,  leading  to  the  view  that  this  mass 
is  a  lens  of  quartz  embedded  in  the  trachyte,  are  not  substantiated  by  a  more  careful 
study  of  the  structure  of  the  region,  and  hence  this  view  is  regarded  as  improbable. 

All  the  evidence  at  hand  points  to  a  contact  zone  of  limited  extent,  produced  by  the 
Mancayan  diorite  being  covered  by  a  considerable  flow  of  the  "trachyte."  Both 
microscopic  and  megascopic  evidence  show  that  the  quartz  porphyry  is  not  ori^^inal  as 
such,  and  that  but  little  of  it,  except  the  quartz,  nas  existed  unchanged  since  its 
formation. 

Three  analyses  ^  of  the  quartz  porphyry  are  given  below: 


No.  1. 


No.  2.        No.  3. 


Moisture 

Loss  on  ignition 

Silica  (SlOs) 

Alumina  (AlsOa) 

Ferric  oxide  (Fe«Oi) . . . 
Ferrous  oxide  (FeO) . . . 

Lime  (CaO) 

Magnesia  (MgO) 

Potassium  oxide  (KsO) 
Sodium  oxide  (NasO) .. 

Total 


Percent. 

0.22 

1.24 

88.49 

4.88 

4.24 

.05 

.04 

.32 

.06 

.25 


Percent. 

0.11 

2.70 

00.60 

.07 

a  15 

L15 

.06 

.58 

.16 

.70 


Percent. 

0.00 

3.18 

87.06 

a  75 

aso 

.69 
.08 
.23 
.11 
.39 


100.81 


09.30 


100.28 


THB  TBACHTTB. 

Covering  all  to  the  eastward  of  a  line  from  Mancayan  to  SuyoCj  and  apparentlv  over 
a  much  greater  general  area,  is  a  rock  which  Von  Drasche  classifies  as  a  homblende- 
sanidine-quartz-trachyte,  and  from  lack  of  other  than  megascopic  inspection  for  a 
guide,  that  name,  or  more  simply  quartz-trachyte,  expresses  the  rock  as  nearly  as 
maybe. 

It  is  a  much-decomposed  granular-to-porphyritic  mass,  which  weathers  to  varicolored 
clay,  giving  an  appearance  to  the  soil  which  may  not  be  mistaken.  In  all  the  field 
work  no  absolutely  fresh  specimen  could  be  obtained  and  those  collected  have  altered 
in  the  laboratory. 

There  is  present  a  noticeable  amoimt  of  quartz  in  clear,  rounded,  fracture  grains  and 
prominently  in  doubly  terminated  hexahedrons;  feldspar  in  short,  tabular  crystals, 
much  decomposed;  clear  sanidines  with  typical  luster  and  twinning;  a  ferro-magnesian 
mineral,  indeterminate  as  to  amphibole  or  pyroxene,  in  somewhat  noteworthy  amount; 
occasional  biotite;  considerable  magnetite.  The  placing  of  the  feldspars  in  tne  general 
mass  gives  the  typical  orthophyric  structure,  as  opposed  to  the  more  common  trachytic 
structure;  the  proportion  of  eround  mass  varies  locally,  but  in  all  cases  it  is  subordinate 
to  the  phenocrysts,  approacning  a  pronounced  granitoid  texture  in  cases. 

<x  Analyses  by  L.  A.  Salinger,  bureau  of  government  laboratories,  Manila. 
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Below  are  given  eeveral  analyses  a  of  the  rock,  made  from  imperfect  field  specimenB. 
With  no  microscopic  examination  possible,  and  only  the  aict  which  the  diveigent 
and  not  representative  analyses  give,  it  appears  that  more  exact  determination  may 
better  be  left  to  more  detailed  work  in  the  Mancayan  region.  The  name  given  by 
Von  Drasche  appears  to  be  sufficiently  definite  for  the  purposes  of  this  report  and  the 
rock  will  be  so  aesignated. 

Analyses. 


No.  1. 

No.  1. 

No.  3. 

1  Per  cent. 

Per  cent. 

Percent. 

1         1.58 

1.84 

a83 

4.82 

7.04 

2.23 

54.80 

68.31 

6a48 

'        19.29 

18.18 

laii 

1.83 

2.15 

a  14 

2.54 

.37 

1.67 

a  21 

.24 

4.94 

an 

.25 

2.12 

2.50 

.98 

1.38 

1.55 

None. 

2.40 

100.23 

99.36 

10a30 

MoliitTire. 

Loflit  on  ignltltTn.. «..,.. 
Silica  (SlOil 

AlumlnB  (Al^i).,..,... 

Ferric  oikJR  (Ferf>j> 

Fctrmuet  rvxlrle  (PeO),.,. 

Limp  (CuO)....... 

Ha^ealn  (MgO>.,.,»... 
PotaAsium  oxldo  ( KtO ) . 
So»l(atn  oscide  ( NajO ) . .. 

Total 


Chapter  VI. 


ORE   DEPOSITS. 


MINERALOQY  OF  THE  ORES— OANQUE  MINERALS. 

Under  the  head  of  gangue  minerals  are  included  those  most  intimately  connected 
with  the  metallic  minerals  of  the  lodes,  and  which  form  the  matrix  of  the  latter.  The 
term  is  used  in  its  conmionest  sense,  to  signify  the  constituents  of  the  lode  that  occur 
in  intimate  connection  with  the  mineral  under  exploitation,  and  as  the  ores  of  this  dis- 
trict are  of  a  prevailing  type,  no  ambiguity  will  result. 

Quartz. — Comp.  SiOj,  oxide  of  silicon  =  oxygen  53.5,  silicon  46.7  =  100.  Massive  or 
in  hexagonal  prisms  terminate<l  by  rhombohedrons.  Often  in  double  six-sided  pyra- 
mids. Generally  white  or  colorless.  Hardness  =  7.  Sp.  gr.,  26.  Luster,  vitreous, 
.s<^)metime8  greasy.    Transparent  to  opacjue. 

The  quartz  of  this  region  shows  essentially  the  same  characteristics  of  vein  quartz  that 
occurs  m  most  mining  districts.  There  is  present  a  comb-structure  quartz  showing 
"cnistification,"  or  banded-vein  structure,  having  its  origin  in  the  fillingof  fissures 
either  by  growth  in  an  open  space  or  by  slow  expansion  of  a  mere  crack.  The  quartz 
of  the  Nlancayan  mines  is  hard,  tough,  compact,  of  a  resinous  luster,  much  shattered, 
and  of  a  fine  grain.  The  quartz  from  this  locality  is.  frtim  its  observed  nature,  due 
almost  entirely  to  secondary  action  of  silicifying  solutions.  Replacement  of  other 
minerals  and  the  filling  of  rock  fractures  have  produced  a  quartzose  mass,  the  bulk 
analyses  of  which  shows  a  high  per  cent  of  silica.  Such  rock  in  thin  sections  under 
the  microscope  may  reveal  skeleton-like  fv)rms  of  crystals  of  other  minerals,  replaced 
entirely  or  partially  by  silica. 

Almost  without  exception  the  vein-filling  material  of  the  region  is  quartz,  the  pro- 
portions of  other  minerals  present  being  variable.  There  are,  besides,  occurrences 
of  minerals  other  than  quartz  in  that  capacity  which  may  be  spoken  of. 

Barite. — Barytes.  Comp.  BaSO^,  barium  sulphate,  orthornombic,  commonly  in 
tabular  crystals,  in  divergent  form,  or  massive.  From  its  high  specific  gravity  (4.5)  it 
takes  the  name  "heavy  spar."  Cleavage  perfect  in  three  directions.  White.  Trans- 
parent to  opaque.  Sometimes  yellow,  gray,  brown,  or  red.  Barite  is  less  important 
»s  a  vein  material  in  this  region,  but  its  occurrence  is  noted. 

Calcite.. — Calc  spar.  Comp.  CaCOg,  calcium  carbonate = carbon  dioxide  44,  lime  56= 
100.  Rhombohedral.  Cleaves  perfectly  in  three  directions,  producing  rohmbohedrons. 
Commonly  in*  this  form,  or  prisms,  scalenohedrons,  or  massive.  Color  variable,  where 
impure,  generally  white  or  colorless.    Transparent  to  opaque. 

Unimportant  as  a  vein  material,  though  occurring  throughout  the  district.  Found 
in  abundance  as  a  microscopic  constituent  of  lode  materials. 

Aflo/ini^e.— Kaolin.  Comp.  H^AlaSiaOg  or  2  Kfi.  AloO,.  2  Si02=silica  46.5, 
alumina  39.5,  water  14=100.    Monoclinic.     In  scales  or  plates,  and  generally  in  fine 
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white  powder.  Occurs  as  clay-like  masBes,  compact,  mealy,  or  friable.  H.= 2-2.5. 
Sp;gr.,  2.6. 

Tnis  mineral  occurs  throughout  the  district,  and  especially  in  the  Suyoc  region,  as  a 
result  of  the  decomposition  of  rock  material,  aluminous  minerals,  and  feldspars.  At 
Mancayan  veins  of  several  inches  in  thickness  run  through  the  upper  trachyte;  these 
are  very  pure  kaolin,  of  a  good  white  color.  They  crop  out  south  of  the  village  on  the 
main  trail. 

Gypsum. — Comp.  CaS04,  2  H,0,  hydrous  calcium  8ulphate=sulphur  trioxide  46.6, 
lime  32.5,  water  20.9=100.  Monoclinic,  varieties  selenite  in  transparent  tabular 
crystals,  to  massive,  often  fibrous,  cleavage  on  one  plane  eminent,  giving  foliated 
structure.  H.= 1.5-2.  Sp.  gr.,  2.3.  Luster,  sub  vitreous  to  shiny.  Color  usually 
white;  varieties,  where  impure,  colored.  Transparent  to  opaque.  The  occurrence  of 
gypsum  at  Suyoc  is  su^estive  of  recent  volcanic  activity.  In  the  gorges  of  the  Pacat 
Kivers  and  other  drainage  streams  of  Suyoc  hill  occur  numerous  veins  of  gypsum^ 
often  of  considerable  extent.  These  veins  are  of  the  fibrous  variety,  the  widest 
observed  giving  a  length  of  about  2  or  3  feet  to  the  curved  transverse  fibers.  Some 
of  the  rich  values  of  that  particular  region  were,  it  is  claimed,  taken  from  one  of  these 
veinlets. 

OBX  lONBBALS. 

This  heading  embraces  the  minerals  of  this  district,  which  are  fi;enerally  mined  for 
ores,  or  value  of  some  nature,  although  it  may  be  borne  in  mind  mat  local  conditions 
determine  to  a  ffreat  extent  just  the  heading  that  certain  minerals  come  under.  The 
minerals  of  this  list,  unless  attention  is  called  to  it,  have  all  a  metallic  luster. 

Gold. — Comp.  gold.  Isometric,  but  rarely  showing  crystalline  form.  Usually  in 
irregular  particles,  filiform  dendritic  shapes,  "wire  "  gold.  Thin  plates,  rounded 
edffes,  ana  flattentdgrain  or  scales.  Cleavage  none.  Fracture  hackly.  Very  malle- 
able and  ductile.  BL.=2.5-3.  Sp.  gr.,  15.6-19.3, 19.33  when  pure.  Luster,  metallic. 
Opaque  in  ordinary  masses. 

In  the  Lepanto  mining  districts  most  of  the  attention  has  been  directed  to  the  free- 
gold  workings. 

At  Suyoc,  where  visible  gold  is  to  be  observed,  the  metal  occurs  in  fine  plates  and 
grains  in  small  auartz  seams,  in  connection  with  sulphides  of  copper,  zinc,  and  lead. 
The  natives  work  only  the  free  gold  and  have  no  knowledge  of  otner  values.  Farther 
north  the  eold  values  seem  to  be  more  closely  confined  to  iron  pyrites,  and  less  to  the 
other  sulphides.  In  Mancayan  gold  values  are  obtained  from  both  the  copper  ores 
of  the  district  and  the  quartzose  vein  matter  of  Mancayan  and  Tuboc. 

Pynte  and  marcasite. — Pyrites,  "iron"  pyrite,  "white"  iron.  Comp.  FeSj,  iron 
disulphide=sulphur  53.4,  iron  46.6=100.  Isometric,  pyritohedral,  cube  and 
pyritohedron  (pentag;onal  dodecahedron),  octahedron,  or  combination  of  these,  the 
common  forms,  sometimes  striated  Frequently  massive,  and  finely  granular.  Color, 
pale  brass  yellow  to  whitish.  Luster  metallic.  Opaque.  H.=6.  Sp.  gr.,  5.  The 
common  sulphide  of  iron  here,  as  generally  in  mining  districts,  is  common  in  all  of 
the  ores  of  the  region,  and  to  a  greater  or  less  extent  present  in  the  rock  masses  in  the 
vicinity  of  the  ore  deposits.  In  this  region  the  pyrites  occur  alone,  in  quartzose  veins, 
associated  or  not,  as  tne  case  may  be,  with  other  sulphides,  and  in  the  Mancayan  ore, 
closely  connected  with  the  sulpho-salts  of  copper  which  constitute  the  ore  of  that 
region.  While,  as  has  been  before  noted,  the  pyrite  of  Suyoc  is  not  worked  for  gold 
by  the  natives,  not  enough  samples  of  it  have  been  taken  to  demonstrate  that  it  carries 
no  values.  As  noted  before,  it  is  as  yet  undetermined  just  what  relationship  the 
pyrite  and  the  gold  values  have,  but  as  this  district  opens  up  more  information  on 
the  point  will  be  obtained,  it  is  presumed. 

Galena  or  galenite.—Le&a  glance,  "lead."  Comp.  PbS,  lead  8ulphide=lead  86.6, 
sulphur  13.4=100.  Isometnc,  cubes  predominating.  Perfect  cubic  cleavage.  Mas- 
sive, granular,  or  finely  granular,  occasionally  fibrous.  Color,  lead  gray.  H.=2.5- 
2.75.    Sp.gr.,  7.4-7.6.    Luster,  metallic.    Opaque.    Generally  argentiferous. 

Gralena  is,  compared  with  other  minerals,  not  prominent  in  this  region.  On  the 
Suyoc  area  alone  it  is  observed,  and  here  in  connection  with  other  sulfmides  in  small 
amounts  in  quartz  veins.  Outside  of  the  Suyoc  area  the  quantity  of  galena  occurring 
is  practically  negligible,  so  far. 

/Sphalerite. — Zinc  blend,  blende,  black  jack,  "zinc."  Comp.  ZnS,  zinc  sulphide= 
zinc  67,  sulphur  33=100.  Isometric,  tetrahedral,  commonly  massive;  cleavege 
granular  to  compact.  Brittle.  H. =3.5-4.  Sp.  gr.,  3.9-4.1.  Luster,  resinous. 
Color,  commonly  yellow  to  black.  Transparent  to  translucent.  Occurs  in  consider- 
able amounts  in  tne  Suyoc  area,  in  conjunction  with  sulphides  of  copper,  lead,  and 
iron. 

Chakocite. — Copper  glance.  Comp.  Cu,S=copi)er  79.8,  sulphur  20.2=  100.  Orthor- 
hombic  crystals,  pseudo-hexagonal,  twinning.    Massive  granular  to  compact.    Brittle. 
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Luster,  metallic.  Color,  lead  gray,  often  tarnished  blue  or  green.  Opaque.  H.= 
2.5-3.    Sp.  gr.,  5.5-6.8. 

Occurs  in  the  Mancayan  area  with  other  copper  minerals. 

Bomite. — Purple  copper  ore,  peacock  copper.  Comp. ,  a  sulphide  of  iron  and  copper, 
variable  (Cu8FeSj=8Ulphur  28.1,  copper  56.5,  iron  16.4=100).  Isometric,  cubic. 
Massive,  granular,  or  compact.  Brittle.  H.=3.  Sp.  gr.,  4.9-5.4.  Luster,  metallic. 
Color,  copper  red  to  brown,  iridescent.     Opaque. 

Observed  mineralogically,  with  other  copper  minerals  of  Mancayan. 

ChalcopyrUe.— Copper  pyrite,  yellow  copper.  Comp.  CuFeSj^ sulphur  35,  copper 
34.5,  iron  30.5=100.  Sulphide  of  iron  and  copper,  variable,  due  to  admixtures.  Crys- 
tals commonly  tetrahedral.  Massive,  compact.  Brittle.  H.=3.5^.  Sp.  gr.,  4.1-4.3. 
Luster,  metallic.    Color,  brass  yellow,  often  tarnished.    Opaque. 

This  is  present  in  variable  amounts  throu^out  the  district.  Generally  in  quartz 
veins  associated  with  other  sulphides. 

TetrahedT%te.—<jtmy  copper.  Comp.  4  Cu-S,  Sb2S3=sulphur  23.1,  antimony  24.8, 
copper  52.1=100.  Composition  variable.  Sulphide  of  copper  and  antimony.  Iso- 
metric, tetrahedral.  Rather  brittle.  Luster,  metallic.  Color,  flint  gray  to  tin  black. 
Opaque,  translucent  (red)  in  thin  splinters.  H.=3.4.  Sp.  gr.,  4.4-5.1.  Arsenic  and 
antimony  are  generally  present  and  composition  of  this  mineral  is  extremely  variable. 
The  high  percentage  of  copper  in  this  mineral  (approximately  52  per  cent),  as  well  as 
its  abundant  occurrence  in  the  mine  of  the  Cantabro-Filipino  Company  at  Mancayan, 
makes  this  one  of  the  most  important  of  the  r^on.  It  is  also  foundf  in  the  Suyoc  area, 
on  various  claims  of  that  region. 

Enargite. — Comp.  CujAsS.  or  3  Cu-^,  AaS5=sulphur  32.6,  arsenic  19,1,  copper  48.3= 
100.  Orthohombric,  crystals  usually  small  and  striated.  One  perfect  cleavage. 
Brittle.  H.=3.  Sp.  gr.,  4.43-4.45.  Luster,  metallic.  Color,  grayish  black  to  iron 
black.    Opaque. 

This  mineral,  as  well  as  tetrahedrite  and  other  copper-sulphur  salts,  constitutes  the 
g;reater  part  of  the  large  ore  body  of  the  Mancayan  mine.  Occurring  with  this  is  luzon- 
ite,  composed  essentially  as  enargite,  but  differing  in  crystallization. 

Several  analyses  of  the  typical  ore  from  the  Mancayan  mine  are  given  below: 


Insoluble  residue 

Silica. 

Sulphur 

Antimony,  (metallic) . 

Arsenic  (metallic) 

Iron  (metallic) 

Copper  (metallic) 

Lead  (metallic) 

Loss 


Total.. 


CJold  (ounce) 

Ctold  value,  at  $20.67. 


Per  cent. 


47.06 

24.44 

5.12 

4.65 

1.84 

16.64 


.25 


100 


II. 


Percent. 

49.10 

45.01 

20.36 

None. 

2.26 

14.25 

13.90 

None. 


99.96 


0.23 
$4.75 


III. 


Percent. 

55.93 

45.31 

15.40 

None. 

.43 

8.98 

16.54 

None. 


97.28 


0.16 
$3.31 


IV. 


Per  cent. 

66.72 

64.53 

12.98 

None. 

1.80 

8.96 

9.72 

None. 


100.18 


0.08 
$1.65 


V. 


Per  cent. 

30.10 

23.40 

23.58 

None. 

.40 

11.13 

32.92 

None. 


98.13 


0.04 
$0.83 


No.  I  is  from  Santoses  Informe  (p.  38)  and  is  given  as  the  mean  composition  of  the 
different  ore  breasts  of  the  native  workings. 

II  is  a  piece  of  ore  from  the  **Carmen"  workings  of  the  Santa  Barbara  mine,  Man- 
cayan, selected  as  typical. 

III  is  a  sample  taken  of  the  ore  the  natives  (Igorots)  use  in  their  smelting,  probably 
from  different  portions  of  the  Mancayan  mine. 

IV  is  another  sample  taken  as  typical  of  the  *  'Santa  Barbara"  ore. 

V  is  a  rounded  bowlder  of  apparently  almost  pure  copper  mineral;  to  the  glass  it 
reveals  only  crystallized  enargite,  with  some  very  slight  amount  of  quartz  and  an 
occasional  bunch  of  chalcocite. 

It  is  not  known  by  whom  the  analysis  was  made  for  Mr.  Santos.  The  analyses  num- 
bered II  to  V,  inclusive,  are  from  the  Bureau  of  Government  Laboratories,  Manila,  to 
which  work  of  this  character  is  submitted. 

Another  specimen  of  ore  was  examined  a  mineralogically  by  Dr.  W.  E.  Ford,  of  Yale 
University,  with  the  following  result: 

*  *The  specimens  show  the  diaracteristic  crystals  of  enargite  in  the  cavities.  They 
are  elongated  parallel  to  the  vertical  axis  and  snow  their  orthorhombic  character  by  the 


a  Courtesy  of  Prof.  Joseph  Barrell,  Yale  University, 
viously  made  by  H.  M.  Ickis,  of  the  Mining  Bureau. 


This  analysis  confirms  that  pre- 
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shape  of  their  cross  section.  For  the  most  part  the  faces  are  not  well  developed,  the 
prism  zone  showing  the  deep  striations  charactenstic  of  the  mineral.  The  blowpipe 
tests  agree  with  those  required  by  enargite. 

*  "The  most  prominent  mineral  of  the  specimens  is  a  massive  mineral  which  on  a 
weathered  surmce  has  a  dull-bronze  color,  but  which  on  a  fresh  fracture  shows  a  reddish- 
gray  tone.  No  evidences  of  crystallization  could  be  discovered.  Its  fracture  is 
uneven.  Its  blowpipe  and  chemical  reactions  are  identical  with  those  of  enaigite;  it 
decrepitates  in  the  closed  tube  and  gives  sublimates  of  sulphur  and  arsenic  sulphide; 
with  nitric  acid  and  ammonia  it  ^ves  the  deep-blue  solution  indicating  copper.  Its 
appearance  and  reactions  agree  with  those  described  for  the  mineral  luzonite.'' 

It  seems  rather  remarkable  that  none  of  the  four  analyses  above  quoted  show  any 
traces  of  antimony,  as  between  Uie  arsenical  and  antimoniacal  sulpho-ealts  of  copper 
there  is  a  constant  variation  and  transition,  and  rarely,  if  ever,  is  one  known  witnout 
the  other.  Santos  gives  5.12  per  cent  of  antimony,  and  it  seems  highly  probable  that 
this  better  represents  the  composition  of  the  ore.  The  analyses,  however,  are  quoted 
as  reported  o 

Of^ superficial  decomposition  products  there  is  in  this  region  but  little  trace;  occa- 
sional bunches  of  iron  and  copper  carbonates  and  sulphates  are  found,  but  only  in 
limited  quantities.  The  geology  of  the  region,  as  will  oe  shown  later,  precludes  any 
oxidized  croppings  of  any  out  occasional  veinlets,  and,  except  for  scattered  points  and 
sections  of  the  imderground  workings  of  the  old  Mancayan  mine,  decomposition  prod- 
ucts are  singularly  Lurking. 

DISTBntXmON  JOXD  BELATIONfl  OV  TBIN8. 

Of  the  ore  deposits  in  the  Lepanto  area,  and  in  fact  in  northern  Luzon,  that  of  Man- 
cayan has  been  most  known  and  is  most  prominent.  The  occurrence  there  of  copper 
ore  has  led  to  further  search  in  the  vicinity,  and  while  the  Mancayan  deposit  is  at 
present  far  beyond  any  other  locality  in  size  and  value,  the  future  may  develop  more 
extended  masses  of  ore  here  or  in  otner  localities. 

The  Mancayan  deposit  has  been  uncovered  for  a  long  time  by  the  Mangambang 
(Igorot,  meaning  "copper")  River  cutting  a  deep  gor^  diagonally  across  the  southeast 
end  of  a  quartzose  mass  bearing  copper  ores.  At  this  place  there  is  a  nearly  vertical 
wall  of  100  or  200  feet,  the  strike  of  wnich,  coinciding  approximately  with  the  course  of 
the  river,  is  northwest.  From  minine  operations  of  past  years  there  is  a  heavy  talus 
and  dump  pile,  and  the  face  of  the  cliff  is  pierced  by  numerous  tunnels,  some  of  them 
mere  dog  holes,  others  cut  with  precision  and  good  workmanship.  Several  systems  of 
levels  explore  most  of  the  ore  body,  the  lowest  one  serving  for  the  purpose  of  drainage. 
In  the  many  years  of  operation  of  thia  mine  several  thousand  feet  of  workings  have 
been  made  and  a  considerable  amount  of  ore  extracted. 

There  is  no  indication  of  a  regular  form  to  the  deposit,  except  that  from  a  tunnel  on 
the  west  side  of  the  northern  extension  of  the  main  deposit  it  is  seen  that  the  quartzose 
mass  evidently  dips  10**  to  15**  to  the  east,  resting  on  the  Mancayan  diorite. 

Much  of  the  mine  was  flooded  at  the  time  of  the  visit,  and  without  maps  of  the 
workings  other  than  the  one  included  in  the  report  which  was  made  of  some  of  the 

Principal  galleries,  it  is  only  possible  to  draw  general  inferences  as  to  the  nature  of  the 
eposit. 

The  siliceous  mass  constituting  the  outcrop  is  apparently  the  same  in  character  as 
the  quartz  porphyry  described  under  "Rocks."  At  the  Mancayan  mine  it  loses  its 
lithoidal  nature  and  consists  more  or  less  entirely  of  quartz  and  ore  minerals.  The 
auartz  has  been  previously  shattered  and  jointed  in  every  direction,  and  the  cracks 
nlled  with  either  secondary  quartz  or  ore  minerals,  notably  pyrite,  marcasite,  chal- 
copyrite,  and  enargite.  The  mass  at  present  is  hard,  compact  and  firm,  woven  throueh 
witn  irregular  veins  of  ore,  with  no  system  of  distribution.  The  fissures,  broadly 
speaking,  have  west-northwesterly  and  nortjieasterly  directions,  and  of  these  the  ones 
striking  west-northwest  seem  to  be  most  prominent  as  ore  carriers. 

The  fissures  would  suggest  contraction  types  due  to  cooling  of  an  igneous  effusion, 
dehydration  of  a  mass,  or  some  similar  phenomenon,  rather  than  those  produced  by 
dynamic  causes.  The  fracturing  has  no  other  pronounced  direction  than  that  notea, 
and  even  this  appears  more  or  less  forced. 

This  fracturing  seems  not  to  be  confined  entirely  to  the  ore  body,  but  is  a  character- 
istic of  much  of  the  surrounding  rock  mass.  There  is  apparently  no  profound  fissuring 
or  faulting  in  the  locality,  and  as  yet  no  evidence  is  available  tnat  other  displacement 
than  the  local  fractures  of  the  Mancayan  ore  deposit  exist. 

«  A  second  examination  of  Nos.  Ill  and  V,  for  the  presence  of  antimony,  gave  0.11 
per  cent  and  0.06  per  cent  metallic  antimony,  respectively;  a  *  *trace"  in  Nos.  I  and  IV. 
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The  "  veins  "  formed  by  the  recementation  of  the  quartzoee  mass  by  silica  said  metal- 
lic sulphides  vary  from  nnfi^er-breadth  cracks  to  one  body  (the  largest  opened)  over  20 
feet  across,  of  lens  shape,  of  limited  depth  and  length.  There  is  no  continuity  of  these 
singly,  and  the  workings  therefc^re  follow  the  Spanish  method  and  are  crooked  and 
narrow,  following  rich  seams. 

Unfortimately  for  a  thorough  investigation,  many  of  the  galleries  were  flooded  or 
caved,  and  the  exact  relation  of  the  deposit  could  not  be  made  out.  One  important 
observation  is  worth  recording:  The  lowest  tunnel,  a  regular  and  laige  gallery,  driven 
for  drainage,  has  in  its  present  length,  and  in  the  side  drins,  which  are  under  tne  greater 
part  of  the  other  workings,  no  signs  of  ore — in  decided  contrast  to  the  rich  values  of  a 
few  feet  above;  the  explanation  of  this  is  not  certain. 

From  the  nature  of  tne  ore  masses,  it  is  evident  that  the  enaigite  and  chalcopyrite 
and  some  quartz  have  been  formed  around  the  earlier  particles  of  pyrite  and  (juartz. 
The  enargite  is  well  crystallized  and  undoubtedly  later  than  the  pynte  inclosing  the 
latter. 

From  the  few  assays  made  it  would  seem  to  be  indicated  that  the  values  in  gold  come 
from  the  pyrite,  as  the  assay  of  a  bowlder  of  almost  pure  enargite  from  the  mine  give 
but  little  value,  those  samples  of  which  a  portion  was  pyrite  showing  values  up  to  f5 
a  ton  in  addition  to  their  copper  content. 

In  the  immediate  vicinity  of  Mancayan  there  are  but  few  openings  of  anv  depth  or 
length,  and  only  negative  results  are  obtained  from  these.  The  western  slope  of  the 
hill  is  predominantly  an  outcrop  of  the  quartz  prophyry,  copper  bearing  to  a  mile 
north  of  Mancayan  mine  in  variable  amounts,  and  so  far  as  shown  decreasing  in  con- 
tent to  the  north.  No  shafts  deeper  than  a  few  feet  have  been  sunk  over  the  deposit, 
or  in  its  vicinity,  and  these  reveal  only  the  soft  material  derived  from  the  weathering 
of  the  trachyte.  The  tunnels  on  the  east  slope  of  the  hill  are  driven  in  Mancayan 
diorite,  and  when  the  party  left  the  field  were  still  in  that  material,  so  that,  except 
from  the  Mancayan  mine  proper,  nothing  is  known  of  the  extent  of  the  deposit. 

On  the  north  slopes  of  Mancayan  hill  crop  two  exposures  of  the  same  vein,  a  2-foat 
fissure  of  ouartz,  heavily  loaded  with  pyrite  and  some  chalcopyrite,  the  strike  of  which 
is  east  ana  west.    No  exploration  has  been  made  of  this. 

South  of  Mancayan,  just  west  of  Tuboc,  conditions  similar  to  those  of  the  Mancayan 
outcrops  prevail.  There  is  there  a  standing  face.  150  feet  in  height,  of  the  same  quartz- 
ose  mass,  but  the  rich  ore  seems  entirely  lacking,  and  the  tunnels  driven  into  it  to 
the  west  so  far  have  not  shown  other  than  promising  indications. 

At  Cayan  large  slides  and  workings  indicate  that  formerly  values  were  sought,  and 
the  auartz-mass  outcrops  are  of  a  slightly  different  character.  The  rock  Lb  more 
cellular  in  structure  and  is  impregnated  with  pyrite  only.  Gold  values  obtain,  and 
it  is  stated  by  reliable  authority  mat  these  ores  were  mixed  with  the  Mancayan  ores 
in  the  blast  furnace,  on  account  of  their  siliceous  and  pyritiferous  character.  As  the 
ground  is  well  covered  with  Spanish  pertenencias,  no  prospecting  work  has  been  dcme 
of  late  years. 

The  ores  of  the  district  alter  perceptibly  as  more  southerly  points  are  reached, 
and  in  addition  to  the  change  noted  at  Cayan,  Suyoc  and  its  surrounding  territory 
offer  a  decided  contrast  to  the  Mancayan  type. 

North  of  Suyoc,  between  it  and  Cayan,  the  ore-bearine  veins  are  well-defined  quartz 
leads,  of  small  width,  generally  not  over  three  feet,  wiui  a  content  of  lead,  zinc,  and 
iron  sulphides.  No  general  direction  of  these  veins  can  be  traced,  but  it  is  the  opin- 
ion of  several  of  the  miners  in  the  district  that  those  corresponding  more  closely  to 
an  east  and  west  strike  give  the  greater  values.  The  length  of  the  veins  is  limited, 
and  no  depth  beyond  a  few  feet  has  yet  been  explored.  The  "country  rock  "  is  here 
the  Mancayan  diroite,  much  decomposed  and  altered,  and  the  presence  of  veins  of 
gypsum  up  to  widths  of  several  feet  is  noteworthy.  Several  acres  of  this  territory 
have  been  cut  down  rapidly  by  the  combined  efforts  of  the  rainy  season  and  the 
leorots  in  their  working,  and  an  enormous  slide  results,  the  material  being  washed  down 
the  narrow  goige  to  jom  the  Maanse  River.  Every  rainy  season  the  Igorots  impound 
this  water  at  the  end  of  long  ditches,  **boom'*  away  the  overlying  muck,  and  obtain 
a  considerable  amount  of  free  gold  by  crushing  and  ];;>annin^  the  vein  material.  It 
may  be  noted  in  this  connection  that  an  assay  of  the  material  the  Igorot  discarded 
as  of  no  value  yielded  0.20  ounce  of  gold  per  ton,  a  value  of  $4.03.  Numerous  pockets 
have  been  found  in  this  slide  that  were  surprisingly  rich,  it  being  stated  that  20  pouruis 
of  metal  was  taken  from  one  such  occurrence  a  few  years  ago. 

The  Suyoc  hill  deposits,  as  yet  only  partially  prospected,  have  the  same  general 
character — quartz  veins  of  no  great  width,  carrymg  metallic  sulphides,  and  a  con- 
siderable gold  content,  most  of  it  in  a  free  state.  In  two  notable  instances,  on  the 
"Eureka"  claim  of  Mr.  C.  A.  Pettit  and  the  "Quien  Sabe*'  of  Mr.  Albert  Wrirfit, 
copper  sulphides  form  a  ereat  proportion  of  the  vein  filling,  and  these  and  the  otner 
properties  are  being  developed  by  tunnels. 
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All  along  Suyoc  hill,  west  and  south  of  the  Abra  River,  are  large  eroded  cirquee, 
owing  their  existence  primarily  to  ancient  workings,  and  all  of  the  same  general  type. 

In  view  of  the  fact  that  the  entire  region  .•with  the  exception  of  the  one  ore  bcxiy 
of  the  Mancayan  mine,  is  in  an  early  stage  of  development,  it  is  impracticable  to 
treat  the  ore  deposits  in  detail.  It  seems  to  be  fairly  conclusive,  however,  that  the 
^eral  type  of  vein  in  the  district  is  a  narrow  quartz  lead,  carr^ring  metallic  sulphides, 
m  some  cases  of  copper^  and  generally  with  gold  associated  in  a  free  state.  These 
veins  are  in  the  Mancayan  diorite  which  underlies  the  entire  district.  With  the 
advent  of  the  trachyte  flo\7,  metamorphic  changes  have  taken  place,  and  the  nature 
of  the  country  rock  altered  to  a  considerable  degree. 

It  would  be  rash  to  enter  into  a  discussion  of  the  genecis  of  the  deposits  on  the 
meager  data  available,  and  in  consequence  such  will  be  left  to  more  complete  reports 
that  will  follow  detailed  geological  work  upon  a  topographic  base. 

The  former  r.ttemptc  to  explain  the  Mancayan  deposit  have  been  given  and  object- 
ions to  each  have  been  foimd,  and  as  a  mere  tentative  hypothesis  may  be  su^ested 
a  genesi-^  of  these  ores  as  yet  not  considered,  that  will  be  determined  when  further 
development  work  is  done.  It  is  entirely  within  the  grounds  of  probability,  and  not 
in  connict  with  any  geological  evidence  so  far  at  hand,  to  presume  that,  before  the 
t\dvent  of  the  trachyte  flow,  ore  deposits  had  been  formed  m  the  Mancayan  diorite 
of  a  type  similar  to  those  at  Suyoc — ouartz  veins  carrying  metallic  sulphides  and 
^Id  values.  With  the  covering  of  the  diorite  and  its  veins  by  an  igneous  now,  chem- 
ical action  was  ei ven  an  add ed  impetus.  The  trachyte ,  easily  decomposed  and  altered , 
was  metamorphosed  at  its  contact  with  the  diorite  to  a  hard,  flinty,  siliceous  quartz 
porphyry,  quartz  replacing  most  of  the  other  constituents  of  the  rock.  In  its  cooling 
and  sublsequent  contraction  fissures  and  crevices  were  formed,  aided  possibly  by 
dynamic  action,  such  as  shatterinjB^  rocks,  which  are  a  feature  of  the  islands.  The 
heat  of  the  overlying  trachyte  furnished  a  motive  power  for  the  process  of  vein  deposi- 
tion, and  the  heated  waters,  assumed  to  be  rising,  filled  the  cavities  and  cracks  with 
silica  and  ore  minerals  obtained  from  lower  or  surrounding  sources.  £niu:gite  is  a 
prominent  mineral  among  those  formed  by  secondary  action,  and  investigation  shows 
that  it  has  been  formed  later  than  the  other  minerals;  so  that  the  evidence  points  to  a 
secondary  enrichment  of  certain  portions  of  the  contact,  notably  at  Mancayan,  with 
copper  minerals  obtained  from  other  sources.  Deposition  has  taken  place  in  all  possi- 
ble directions,  leaving  the  irregular  mass  of  veins  of  the  Mancayan  mine. 

There  is  nothing  in  this  hypothesis  to  preclude  the  possibility  of  other  similar 
deposits  in  other  portions  of  the  area,  or,  mdeed,  of  one  or  more  veins,  as  yet  not 
opened,  in  a  more  or  less  vertical  position,  which  may  occur  under  the  rachyte, 
in  the  diorite.  and  which  afforded  a  main  trunk  channel  for  the  ore-depositing  solutions. 
Where  eroeon  has  been  sufficiently  deep  to  cut  down  near  the  dionte,  such  deposits 
may  be  revealed,  but  it  is  obviously  useless  to  prospect  in  the  trachyte  surface,  which 
is  easily  recognized  by  its  granularity,  color,  and  weathering  to  a  characteristic  clayey 
soil.  Deep  shafts  through  the  trachyte,  or  proper  crosscuts,  at  a  depth  easily  to  bie 
obtained,  will  afford  the  only  solution  of  the  future  of  this  district,  and  it  is  to  be  hoped 
that  the  efforts  of  those  at  work  will  be  carried  on  to  completion. 


Chapter  VTI. 

SUMMARY. 

For  a  mining  district  which  has  been  under  exploitation  for  four  or  five  years,  the 
Mancayan-Suyoc  area  has  surprisingly  little  development.  Much  of  this  lack  of  pro- 
gress is  due  to  natural  conditions  which  prevail,  but  to  some  extent  at  least  there  is  or 
has  been  a  lack  of  initiative  to  put  forth  real  effort.  Assessment  work  has  been  done  as 
assessment  work,  in  disconnected  pits  and  tunnels  in  the  softest  material  that  could  be 
found,  instead  of  combining  each  year's  labor  with  that  of  the  preceding  to  attain 
needed  information.  The  net  result  is  that  the  area  presents  an  unsatisfactory  aspect 
to  the  engineer  who  wishes  to  ascertain  facts.  Natural  conditions  in  the  Philippine 
Islands  are  invariably  arrayed  against  the  miner,  the  engineer,  and  the  goelogist;  and 
when  such  conditions  have  to  be  faced,  and  in  addition  tnere  is  a  dearth  of  developed 
information,  but  little  may  be  had  to  aid  the  judgment.  It  does  by  no  means  follow 
that  a  fine  showing  of  a  proipect  indicates  a  fine  future,  and  conversely  that  a  poor  pros- 
pect is  doomed  to  failure.  Rarely  does  it  occur  that  on  an  area  so  little  developed  as  this 
enough  data  can  be  found  to  venture  an  authoritative  opinion,  and  it  is  a  fortunate  state 
of  affairs  when  condemnation  or  approval  may  be  uigM  without  reservation.    While  a 
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natural  allowance' must  be  made  for  an  enthusiastic  spirit,  there  is  still  a  great  deal  of 
truth  in  the  current  belief  of  the  miners  that  this  area  "shows  better  sumce  indica- 
tions "  than  anv  region  of  their  experience.  There  is  no  doubt  that,  considered  solely 
as  **  prospects,"  the  greater  proportion  of  the  staked-out  claims  are  well  worth  consider- 
ing. Of  vital  importance  to  the  future  prosperity  of  this  region  is  the  solution  of  several 
difficult  problems.  Provided  more  ore  bodies  of  sufficient  size  and  value  are  found, 
operators  are  faced  with  no  small  trouble  of  labor  and  transportation,  with  their 
directlv  depending  questions  of  cost,  pro^t,  and  treatment. 

The  labor  problem  in  the  Philippine  Islands  is  one  that  up-to-date  has  not  proven  an 
InsurmountaDle  obstacle,  but  the  location  of  this  region  adds  a  new  phase  to  the  problem 
which  heretofore  has  not  been  considered.  Throughout  the  Philippines  as  a  wnole  it  is 
the  general  consensus  of  opinion  that  Filipino  labor  can  profitably  be  used  when  proper 
treatment  and  supervision  are  employed. 

On  the  road  work  in  a  lai;^e  proportion  of  the  provinces,  Filipinos  of  various  race 
have  been  employed,  and  with  a  single  exception  reports  have  been  very  satisfactory. 
Mr.  N.  M.  Holmes,  after  three  years  of  observation  as  chief  engineer  or  the  Benguet 
road,  condemns  the  Filipino  laborer  from  every  point  of  view.  It  is  believed,  however, 
that  there  were  factors  in  that  perioQ  which  no  longer  have  to  be  considered,  as  during 
the  completion  of  the  same  enterprise,  under  the  supervision  of  Maj.  L.  W.  V.  Kennon, 
United  States  Army,  as  chief  engineer,  reports  as  to  the  native  labor  employed  were 
decidedly  favorable. 

'  The  Atlantic,  Gulf  and  Pacific  Company,  using  up  to  1,000  men,  have,  according  to 
the  report  of  Mr.  H.  Krusi,  the  vice-president,  met  witn  unqualified  success.  The 
Cavite  navy-yard,  also  using  large  numbers  of  Filipino  laborers,  has.  according  to  the 
report  of  Oaptun  Couden,  united  States  Navy,  been  equally  successful  in  meeting  the 
problem.  The  Manila  Electric  Railway  and  Lighting  Company,  in  its  construction 
and  operation  of  about  60  kilometers  of  line,  have  used  Filipinos  from  the  start  with  like 
success.  I  n  all  these  works  effort  has  been  made  to  provide  for  the  wants  of  the  Filipino 
to  make  life  as  comfortable  as  possible  under  the  conditions,  and  to  learn  and  apply  the 
proper  supervision. 

Of  more  pertinence  to  this  report  is  the  unqualified  statement  of  all  at  present  engaged 
in  mining  operations  that  Filipino  labor  not  only  may  be  endured,  but  that  it  bears  com- 
parison with  other  races.  In  Ben^et,  Masbate,  Camarines,  and  other  districts,  Fili- 
pinos are  being  used;  in  other  distncts  native  labor  has  been  employed  in  the  past;  and 
all  with  good  results.  The  keynote  seems  to  be  successful  and  competent  supervision, 
with  as  much  careful  study  of  native  characteristics  as  would  be  given  to  any  other 
little-known  problem. 

That  the  proper  use  of  native  labor  reduces  considerably  the  costs  involved  can  not 
be  denied,  and  this  factor  can  not  be  neglected. 

As  has  been  stated  previously,  however,  the  problem  in  Lepanto  has  conditions  pecu- 
liar to  itself,  which  snould  be  carefully  considered.  It  may  be  said  in  the  beffinning 
that  dependable  labor,  certain  in  supply  and  quality,  can  not  be  obtained  locally. 
There  is,  it  is  true,  a  large  population,  most  of  them  used  to  labor,  to  draw  upon  for  lim- 
ited or  occasional  demands,  out  that  local  supply  will  meet  the  demand  of  extensive 
mining  operations,  steadily  and  with  the  requisite  intelligence,  seems  extremely  doubt- 
ful, at  least.  This  applies  to  the  re^lar  forms  of  more  or  less  skilled  labor  which  min- 
ing operations  depend  upon  for  their  very  existence. 

Employment  of  whi te  loremen  and  white  skilled  labor  will  be  found  necessary.  The 
employment  of  Chinese  and  Japanese  has  met  with  a  certain  measure  of  success  in  other 
parts  of  the  islands,  and  the  recent  importations  of  East  Indians,  Tartars,  and  other 
races  into  South  Africa  to  relieve  labor  troubles  there  is  suggestive  of  possibilities. 

Transportation  at  present,  with  but  slight  exception  in  the  way  of  native  porters  or 
"cargadores,"  may  oe  marked  nil.  Transport  in  both  directions,  supplies  in  and 
product  out,  must  be  considered.  The  present  lines  of  travel  are  horse  and  foot  trails, 
and  the  distance  to  the  coast  (about  40  miles)  makes  packing  excessively  expensive. 


Direct  railroad  projects  seem  unfeasible,  and  a  railroad  down  the  Abra  Valley,  with  its 
terminus  at  Vigan,  has  been  considered  as  questionable.  The  nearest  light  in  that 
direction  would  seem  to  be  an  examination  of  the  route  between  Lepanto  and  the  capi- 
tal of  Benguet  Province  to  the  south,  Ba^io.  There  has  been  completed  a  superb 
wagon  road  from  the  northern  terminus  of  the  railroad,  Dagupan,  to  Baguio,  and  the 
railroad  continuation,  probably  under  electric  motive  power,  is  assured  within  a  short 
time.  Mancayan  and  Baguio  are  about  on  the  same  level  at  an  altitude  of  5,000  feet, 
and  the  existence  of  a  route  along  the  mountain  ridge  between  the  two  b  very  probable. 
It  is  expected  that  the  present  field  work  of  the  Bureau  will  throw  light  on  this  sugges- 
tion, and  at  all  events  tne  question  of  routes  and  costs  can  not  be  abandoned  so  lightly. 
It  will  take  careful  examination  of  known  routes,  and  equally  careful  search  over  newer 
routes,  before  assurance  may  be  had  as  to  either  result.  It  is  not  believed,  however, 
that  the  difficulty  is  insurmountable. 
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The  solution  of  these  two  most  important  problems  will  practicall^r  eliminate  the 
remaining  obstacles.  There  is  in  the  district  water  in  sufficient  Quantities  for  consid- 
erable power,  and  by  transmission  from  a  small  distance  the  whole  power  of  the  Abra 
River  may  be  utilized  in  a  combination  of  hydraulic  and  electric  methods. 

It  is  doubtful  if  steam  could  be  furnished  at  the  mines  for  any  considerable  amount 
of  call  upon  it.  Former  smelting  operations  and  lack  of  preservation  have  removed 
the  timber  from  the  whole  valley  of  the  Abra,  and  while  it  is  believed  that  plenty  of 
wood  fuel  is  within  a  reasonable  distance,  it  would  take  careful  calculation  before  any 
desini  of  power  plants  could  be  considered. 

We  have,  then,  the  consideration  of  a  district  whose  prospects  certainly  appear  of  a 
favorable  nature.  There  are  numerous  obstacles  to  be  overcome,  but  all  of  them,  it  is 
believed,  may  be  handled  if  the  one  vital  problem,  of  the  presence  of  the  ore,  is  settled. 
Given  the  ore,  large  and  valuable  enough,  and  the  remainder  of  the  problem  becomes 
one  of  adaptation  and  engineering. 

The  old  Mancayan  mine  was,  without  doubt,  an  extraordinarily  rich  deposit,  and 
the  quantity  of  ore  still  remaining  is  worthy  of  examination.  The  ore  dump,  of  huge 
size,  contains  ore  that  was  then  discarded,  but  under  new  conditions  represents  m 
itself  a  small  mine  of  fair  grade.  The  old  smelter  sites  and  slag  dumps  are  rich  with 
such  material  as  slags  containing  as  high  as  32  per  cent  of  copper,  ana  further  under- 
ground work  may  reveal  more  ore  bodies.  So  far  as  the  work  already  done  goes,  much 
may  be  hoped  for  the  rest  of  the  district — evervthing  depends  upon  further  exploration. 
In  many  cases  mining  properties  may  be  condemns  very  quickly  by  an  examination, 
but  theMancayan-Suyoc  area  is  far  from  being  one  of  these.  While  positive  assurances 
of  a  future  are  lacking,  no  efforts  should  be  sptared,  and  no  amount  of  skilled  explora- 
tion neglected  to  ascertain  more;  the  district  is  decidedly  not  to  be  classed  as  oflittle 
value,  and  within  a  short  time,  under  the  scheme  of  exploitation  planned,  an  ore- 
producing  district  of  considerable  magnitude  and  richness  may  not  be  unlooked  for. 

Note. — The  following  illustrations  accompanying  this  report  are  on  file  in  the 
War  Department. 

Plate  I.  Map  showing  route  of  party. 
II.  Mancayan  River  Valley. 

III.  Transportation  methods  in  Lepanto. 

IV.  Rancneria  of  Tuboc. 

V.  On  the  old  Spanish  road,  Mancayan. 

VI.  Igorot  copper  smelting,    ia,  First  roasting;  6,  Completion  of  roast.) 
VII.  leorot  copper  smelting,     (a.  Clearing  the  matte;  6,  Roasting  the  matte.) 
VIII.  Map  of  Minas  de  Cobre,  Mancayan. 
IX.  Smelter  site,  Cantabro-Filipino  Company. 
X.  Tomb  of  Santos. 
XI.  Teila  Pass. 
XII.  Cervantes  and  the  Abra  Valley. 

XIII.  Panorama  north,  east,  and  southeast  from  Tuboc. 

XIV.  Topography  in  Gilong  or  Nacafia  Creek,  east  of  Mancayan. 
XV.  Mancayan  River  Goiye.    (Malaya  in  background.) 

XVI.  Mancayan  River  Valley. 
XVII.  Abra  River  at  Comillas,  eastward. 
XVIII.  Looking  up  the  Abra  River  below  Comillas. 
XIX.  Flood  plain  of  Abra  River  at  Comillas. 
XX.  Suyoc  and  the  upper  valley  of  the  Abra  River. 
XXI.  Mancayan  River  Valley  south  of  Bugias. 
XXII.  Mancayan  River  at  Bugias. 

XXIII.  Ideal  geological  section. 

XXIV.  Topography  in  the  vicinity  of  Cervantes. 
XXV.  Topography  on  River  Maanse. 

XXVI.  Topography  northeast  of  Suyoc. 
XXVII.  Northward  down  the  Napacuagan  River  Valley,  showing  eastern  sedi- 

mentarles. 
XXVIII.  Near  view  of  the  same. 
XXIX.  On  the  old  Spanish  road  to  Mancayan  mines. 
XXX.  Arroyo  Mai^^ambang. 
XXXI.  Suyoc  Hill  itom  Benguet-Lepanto  divide. 
XXXII.  Old  native  workings  at  Suyoc. 
XXXIII.  Old  native  workings  on  "Quien  Sabe"  lode. 
XXXIV.  Ancient  Suyoc  workings. 
XXXV.  General  view  of  the  old  workings  at  Suyoc. 
XXXVI.  Plan  of  workings  of  Mancayan  mine. 
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Plate    XXXVII.  Mancayan  mine,  southerly  aspect. 
XXXVIII.  Mancayan  mine,  from  the  north. 
XXXIX.  Closer  view  of  mine  openings. 
XL.  Old  workings  at  Cayan. 

XLI.  Western  portion  of  the  "Palidan"  slide,  Suyoc. 
XLII.  Route  map,  Candon  to  Mancayan. 
XLIII.  Topographic  map  of  Mancayan-^uyoc  area. 

MAPS  AND  SBCnONB. 

1.  Index  map  showing  route  of  party  and  area  surveyed  (PI.  I). 

2.  Map  of  Minas  de  Cobre,  Mancayan  (Pl.  VIII). 

3.  Ideal  section  (Pl.  XXIII). 

4.  Plan  of  workings  of  Mancayan  mine  (Pl.  XXXVI). 

5.  Route  map,  Candon  to  Mancayan  (PL  XLII). 

6.  Topographic  map  of  Mancayan-Suyoc  area  (PL  XLIII). 


(From  the  Far  Bastem  Review,  May,  1006.) 
XANGAYAH-SUYOG  XIKEBAL  SITEVEY. 

One  of  the  most  interesting  and  difficult  mineral  surveys  attempted  in  the 
Philippine  Islands  since  American  occupation,  was  recently  successfully  carried 
out  by  Mr.  A.  J.  Eveland,  M.  E.,  a  government  geologist,  then  connected  with 
the  mining  bureau  and  at  the  present  an  assistant  on  the  staff  of  the  mining 
division  of  the  bureau  of  science.  Mr.  Eveland  calls  his  survey  a  preliminary 
reconnoissance  of  the  Mancayan-Suyoe  mineral  region  of  Lepanto,  located  in 
northern  Luzon,  and  in  a  very  thoughtful  and  complete  bulletin  he  furnishes 
valuable  facts  and  data  concerning  the  country  traversed,  which  ought  to  be 
read  by  every  miner  who  chances  to  come  across  the  document.  He  has  gone 
Into  the  subject  so  intelligently  and  so  conservatively  that  the  statements 
made  can  not  help  but  leave  a  favorable  impression  of  the  value  of  the  duty 
he  has  performed  for  the  government.  In  this  Issue  the  Review  begins  the 
publication  of  the  document,  which  will  extend  oter  a  period  of  at  least  three 
months.  Too  much  credit  can  not  be  given  to  Mr.  Eveland  for  the  faithful 
work  he  has  performed ;  on  the  whole  we  consider  his  report  one  of  the  most 
able  expositions  of  the  mineral  possibilities  of  northern  Luzon  that  has  yet 
been  compiled. 

For  a  mining  district  which  has  been  under  exploitation  four  or  five  years, 
the  Mancayan-Suyoc  area  has  surprisingly  little  development.  Much  of  this 
lack  of  progress  is  due  to  natural  conditions  which  prevail,  but  to  some  extent 
at  least  there  is  or  has  been  a  lack  of  initiative  to  put  forth  real  effort.  Assess- 
ment work  has  been  done  as  assessment  work,  in  disconnected  pits  and  tunnels 
in  the  softest  material  that  could  be  found,  instead  of  combining  each  year*s 
labor  with  that  of  the  preceding  to  attain  needed  information.  The  net  result 
is  that  the  area  presents  an  unsatisfactory  aspect  to  the  engineer  who  wishes 
to  ascertain  facts.  Natural  conditions  in  the  Philippine  Islands  are  Invariably 
arrayed  against  the  miner,  the  engineer,  and  the  geologist ;  and  when  such  con- 
ditions have  to  be  faced,  and  In  addition  there  is  a  dearth  of  develoi>ed  informa- 
tion, but  little  may  be  had  to  aid  the  Judgment.  It  does  by  no  means  follow 
that  a  fine  showing  of  a  prospect  indicates  a  fine  future,  and  conversely  that  a 
poor  prospect  Is  doomed  to  failure.  Rarely  does  it  occur  that  on  an  area  so 
little  developed  as  this  enough  data  can  be  found  to  venture  an  authoritative 
opinion,  and  It  is  a  fortunate  state  of  affairs  when  condemnation  or  approval 
may  be  urged  without  reservation.  While  a  natural  allowance  must  be  made 
for  an  enthusiastic  spirit,  there  is  still  a  great  deal  of  truth  in  the  current 
belief  of  the  miners  that  this  area  "  shows  better  surface  Indications "  than 
any  region  of  their  experience.  There  is  no  doubt  that,  considered  solely  as 
"  prospects,"  the  greater  proportion  of  the  staked-out  claims  are  well  worth 
considering. 

Of  vital  importance  to  the  future  prosperity  of  this  region  is  the  solution  of 
several  difficult  problems.  Provided  more  ore  bodies  of  sufficient  size  and 
value  are  found,  operators  are  faced  with  no  small  trouble  of  labor  and  trans- 
portation, with  their  directly  depending  questions  of  cost,  profit,  and  treatment. 

The  labor  problem  in  the  Philippine  Islands  is  one  that  up  to  date  has  not 
proven  an  insurmountable  obstacle,  but  the  location  of  this  region  adds  a  new 
phase  to  the  problem  which  heretofore  has  not  been  considered.  Throughout 
the  Philippines  as  a  whole  it  is  the  general  consensus  of  opinion  that  Filipino 
labor  can  profitably  be  used  when  proper  treatment  and  supervision  are 
employed. 

On  the  road  work  in  a  large  proportion  of  the  provinces  Filipinos  of  various 
races  have  been  employed,  and  with  a  single  exception  reports  have  been  very 
satisfactory.  Mr.  N.  M.  Holmes,  after  three  years  of  observation,  as  chief  en- 
gineer of  the  Benguet  road,  condemned  the  Filipino  laborer  from  every  point 
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of  view."  It  is  believed,  however,  that  there  were  factors  in  that  period  which 
no  longer  have  to  be  considered,  as  during  the  completion  of  the  same  enter- 
prise, under  the  supervision  of  Maj.  L.  W.  V.  Kennon,  U.  S.  Army,  as  chief 
engineer,  reports  as  to  the  native  labor  employed  were  decidedly  favorable. 

The  Atlantic,  Gulf  and  Pacific  Company,  using  up  to  1,000  men,  have,  accord- 
ing to  the  report  of  Mr.  H.  Krusi,  the  vice-president,  met  with  unqualified 
success.  The  Cavlte  Navy-Yard,  also  using  large  numbers  of  Filipino  laborers, 
has,  according  to  the  report  of  Captain  Couden,  U.  S.  Navy,  been  equally 
successful  In  meeting  the  problem.  The  Manila  Electric  Railway  and  Lighting 
Company,  in  its  construction  and  operation  of  about  60  kilometers  of  line,  have 
used  Filipinos  from  the  start  with  like  success.  In  all  these  works  effort  has 
been  made  to  provide  for  the  wants  of  the  Filipino,  to  make  life  as  comfortable 
as  possible  under  the  conditions,  and  to  learn  and  apply  the  proper  supervision. 

Of  more  pertinence  to  this  rer)ort  is  the  unqualified  statement  of  all  at 
present  engaged  in  mining  operations  that  Filipino  labor  not  only  may  be 
endured  but  that  it  bears  comparisons  with  other  races.  In  Benguet,  Masbate, 
Camarines,  and  other  districts  Filipinos  are  being  used;  In  other  districts 
native  labor  has  been  employed  in  the  past,  and  all  with  good  results.  The 
keynote  seems  to  be  successful  and  competent  supervision,  with  as  much  care- 
ful study  of  native  characteristics  as  would  be  given  to  any  other  little-known 
problem. 

That  the  proper  use  of  native  labor  reduces  considerably  the  costs  Involved 
can  not  be  denied,  and  this  factor  can  not  be  neglected. 

As  has  been  stated  previously,  however,  the  problem  in  Lepanto  has  condi- 
tions peculiar  to  itself,  which  should  be  carefully  considered.  It  may  be  said 
in  the  beginning  that  dependable  labor,  certain  in  supply  and  quality,  can  not  be 
obtained  locally.  There  Is,  it  is  true,  a  large  population,  most  of  them  used 
to  labor,  to  draw  upon  for  limited  or  occasional  demands,  but  that  local  supply 
will  meet  the  demand  of  extensive  mining  ojieratlons,  steadily  and  with  the 
requisite  intelligence,  seems  extremely  doubtful,  at  least.  This*  applies  to  the 
regular  forms  of  more  or  less  skilled  labor  which  mining  operations  depend 
upon  for  their  very  existence. 

Transportation  at  present,  with  but  slight  exception  in  the  way  of  native 
porters  or  cargadores,  may  be  marked  nil.  Transport  in  both  directions, 
supplies  In  and  product  out,  must  be  considered.  The  present  lines  of  travel 
are  horse  and  foot  trails,  and  the  distance  to  the  coast  (about  40  miles)  makes 
packing  excessively  expensive.  Direct  railroad  projects  seem  unfeasible,  and 
a  railroad  down  the  Abra  Valley,  with  its  terminus  at  Vlgan,  has  been  con- 
sidered as  questionable.  The  nearest  light  in  that  direction  would  seem  to  be 
an  examination  of  the  route  between  T/eimnto  and  the  capital  of  Benguet 
Province  to  the  south,  Bagulo.  There  has  been  completed  a  wagon  road  from 
the  northern  terminus  of  the  railroad,  Dagupan,  to  Bagulo,  and  the  railroad 
continuation,  probably  under  electric  motive  iK)wer,  is  under  consideration. 
Mancayan  and  Bagulo  are  about  on  the  same  level,  at  an  altitude  of  5,000  teet, 
and  the  existence  of  a  route  along  the  mountain  ridge  between  the  two  Is  very 
probable.  It  Is  exi)ected  that  the  present  field  work  of  the  mining  division 
will  throw  light  on  this  suggestion,  and  at  all  events  the  question  of  routes  and 
costs  can  not  be  abandoned  so  lightly.  It  will  take  careful  examination  of 
known  routes,  and  equally  careful  search  over  newer  routes,  before  assurance 
may  be  had  as  to  either  result.  It  Is  not  believed,  however,  that  the  difficulty 
is  insurmountable. 

The  solution  of  these  two  most  imi)ortant  problems  will  practically  eliminate 
the  remaining  obstacles.  There  is  In  the  district  water  In  sufficient  quantities 
for  considerable  power,  and  by  transmission  from  a  small  distance  the  whole 
power  of  the  Abra  River  may  be  utilized,  in  a  combination  of  hydraulic  and 
electric  methods. 

It  is  doubtful  If  steam  could  be  furnished  at  the  mines  for  any  considerable 
amount  of  call  upon  It  Former  smelting  operations  and  lack  of  preservation 
have  removed  the  timber  from  the  whole  valley  of  the  Abra,  and  while  it  is 
believed  that  plenty  of  wood  fuel  Is  within  a  reasonable  distance.  It  would  take 
careful  calculation  before  any  design  of  power  plants  could  be  considered. 

We  have,  then,  the  consideration  of  a  district  whose  prospects  certainly 
appear  of  a  favorable  nature.  There  are  numerous  obstacles  to  be  overcome, 
but  all  of  them,  it  is  believed,  may  be  handled  If  the  one  vital  problem  of  the 
presence  of  the  ore  is  settled.  Given  the  ore,  large  and  valuable  enough,  and 
the  remainder  of  the  problem  becomes  one  of  adaptation  and  engineering. 
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The  old  Mancayan  mine  was,  without  doubt,  an  extraordinarily  rich  deposit, 
and  the  quantity  of  ore  still  remaining  is  worthy  of  examination.  The  ore 
dump,  of  huge  size,  contains  ore  that  was  then  discarded,  but  under  new  con- 
ditions represents  in  itself  a  small  mine  of  fair  grade.  The  old  smelter  sites 
and  slag  dumps  are  rich  with  such  material  as  slags  containing  as  high  as  32 
per  cent  of  copper,  and  further  underground  worli  may  reveal  more  ore  bodies. 
So  far  as  the  work  already  done  goes,  much  may  be  hoped  for  the  rest  of  the 
district — everything  depends  upon  further  exploration.  In  many  cases  mining 
properties  may  be  condemned  very  quickly  by  an  examination,  but  the  Man- 
cayan-Suyoc  area  is  far  from  being  one  of  these.  While  positive  assurances 
of  a  future  are  lacking,  no  efforts  should  be  spared  and  no  amount  of  skilled 
exploration  neglected  to  ascertain  more;  the  district  is  decidedly  not  to  be 
classed  as  of  little  value,  and  within  a  short  time,  under  the  scheme  of  exploita- 
tion planned,  an  ore-producing  district  of  considerable  magnitude  and  richness 
may  not  be  unlooked  for. 


(Prom  The  Far  Eastern  Review,  October,  1906,  p.  168,  and  NoTember,  p.  200.) 
XANCAYAH-SUYOC  MIHES  AND  ABRA  RIYSB  PLACEBS,  LSPAHTO-BOVTOC 

PEOvnrcs,  litzoh. 

The  Mancayan-Suyoc  mineral  region  Is  in  the  extreme  southern  part  of  Le- 
panto-Bontoc  Province,  In  the  eastern  center  of  northern  Luzon,  the  largest 
of  the  Philippine  Islands.  Mancayan  is  in  latitude  16**  53'  north  and  has 
practically  the  same  longitude  as  Manila. 

From  Suyoc  at  the  south  to  the  northern  extremity  of  Mancayan  the  min- 
eralized area  has  a  length  of  about  7  miles  and  may  be  said  not  to  exceed  3 
miles  in  width.  It  lies  wholly  on  the  western  slope  of  the  Cordillera  Central 
close  to  Mount  Data.  The  Abra  River  rises  in  northeast  Suyoc,  flowing  south 
past  the  end  of  the  mineral  belt,  then  west  for  a  short  distance,  when  it  takes 
up  its  general  northerly  course,  flowing  through  a  basin  formed  by  the  Malaya 
Range  on  the  west  and  the  Cordillera  Central  on  the  east  at  about  a  4  per  cent 
grade  until  it  reaches  a  somewhat  broader  valley  at  Comillas,  about  5  miles 
south  of  Cervantes,  where  the  gradient  drops  lo  1  per  cent.  Here  have  been 
deposited  some  35,000,000  or  more  cubic  yards  of  gravel,  which  contain  a  large 
part  of  the  gold  eroded  from  the  rich  Suyoc  veins. 

The  «itire  topography  is  made  up  of  steep  slopes,  V-shaped  little  valleys  cut 
by  the  denuding  streams.  None  of  the  hills  are  large,  none  of  the  valleys  deep. 
Swift  flowiiig  mountain  streams  are  on  every  side,  giving  in  the  aggregate 
not  liess  tlian  1,000  second-feet  of  water  in  the  dry  season.  All  drain  into  the 
Abra  Biver. 

The  climate  is  an  ideal  semitropical  one.  The  rainfall  exceeds  120  inches 
per  annum,  90  per  cent  of  which  is  precipitated  between  May  and  October. 
There  is,  however,  little  doubt  that  this  is  rapidly  decreasing. 

Mancayan  at  its  highest  point  has  an  altitude  of  about  4,000  feet,  the  ridge 
(o  Suyoc  slowly  rising,  until  at  its  highest  it  attains  an  elevation  of  somewhat 
over  5,000  feet,  dropping  from  ridge  to  valley  on  both  sides  some  500  to  1,000 
feet.  Southeastern  Suyoc,  .which  is  directly  on  the  slope  of  Data,  rises  from 
4,500  feet  at  the  Abra  River  to  7,000  feet  at  the  crest  of  the  Cordillera. 

I  should  Judge  the  mean  annual  temperature  of  Suyoc  to  be  not  far  from 
60**  F.,  that  of  Mancayan  65**,  and  Cervantes  probably  75**  F. 

The  vegetation  is  not  so  luxuriant  as  might  be  expected,  although  both  grass 
and  underbrush  are  sufficiently  high  and  dense  to  make  prospecting  difficult. 
Bamboo  is  entirely  absent. 

The  mountain  sides  are  sparingly  covered  with  a  poor  growth  of  pine  and 
in  the  higher  elevations  with  scrub  oak.  The  former  will  answer  for  rough 
construction,  unimportant  mine  timbering,  and  charcoal.  The  hills  in  the  Im- 
mediate vicinity  of  the  old  Spanish  workings  are  absolutely  barr«i,  the  result 
of  wasteful  handling;  but  sufficient  timber  is  comparatively  near  to  suffice  a 
20-ton  smelter  for  many  years. 

The  mineral  district  and  contiguous  country  is  but  poorly  populated,  Lepanto 
Province  having,  according  to  the  census  of  1903,  some  72,750  inhabitants, 
chiefly  Igorots.    The  white  population  is  a  negligible  quantity. 

The  district  may  be  reached  by  three  trails ;  the  latest  and  shortest  of  which 
has  a  length  of  about  40  miles,  connecting  Tagiidln  at  the  coast  with  Cervantes 
by  a  4-foot  horse  trail,  having  a  maximum  6  per  cent  grade.  Most  of  the  sup- 
plies have  been  brought  in  from  Candon  via  Cervantes  over  a  miserable  road 
on  pony  back  at  a  cost  of  2  cents  per  pound.  The  distance  approximates  50 
miles  to  Cervantes  over  grades  almost  prohibitive  in  places.  The  third  route, 
over  the  Central  Mountains  to  Bagnio,  is  used  only  by  American  travelers. 

The  smelter  site  at  Mancayan  Is  some  26  miles  nearly  due  east  in  an  air 
line  from  the  coast  at  Tagudin.  A  good  automobile  road,  having  a  length  of 
about  35  miles,  can  be  constructed  at  a  cost  of  less  than  $175,000,  United  States 
currency,  which  with  some  additional  expenditure  may  be  converted  into  a 
railroad  grade  for  freight  traffic,  when  necessity  demands  it, 
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January,  1900,  saw  the  advent  of  the  first  party  of  Americans  into  this 
region,  soon  followed  by  others.  Many  of  these  men  were  western  prospectors 
discharged  from  our  Volunteer  Army.  Others  had  never  seen  a  mine  before. 
It  took  but  a  short  time  for  these  adventurous  spirits  to  stake  the  countryside 
for  miles  around.  They  organized  a  mining  district,  adopting  in  toto  the  Ameri- 
can mining  laws.  They  formed  themselves  into  parties,  their  "bad  men,"  as 
usual,  ordering  some  of  the  weaker  ones  to  pull  up  their  stakes  and  get  out. 
It  is  surprising  that  there  was  no  bloodshed.  Time  passed,  things  became 
calmer,  provisions  and  money  gave  out  You  can  not  develop  and  operate  a 
copper  mine  7,000  miles  from  a  smelter  without  considerable  capital.  Many  of 
the  old  faces.  Including  mostly  the  "  bad  men,"  disappeared.  A  few  new  ones 
came -in.  The  act  of  (Congress  relative  to  the  location  of  mining  claims,  ap- 
proved July  1,  1902,  was  promulgated  and  once  more  the  Americans  staked 
out  their  claims.  The  entire  surface  of  the  country  is  covered,  excepting  in 
the  stream  beds,  with  a  heavy  trachyte  fiow  that  made  poor  man's  prospecting 
out  of  the  question.  I  |iave  stated  that  there  was  no  money.  Some  of  the  Ameri- 
cans turned  their  attention  to  neighboring  Suyoc  with  its  rich  gold  veins.  Two 
forunate  fellows  found  a  pocket  worth  $3,000.  Many  eked  out  a  miserable  ex- 
istence, living  on  the  native  sweet  potato,  others  living  by  doing  the  assess- 
ment work  for  absentee  claim  holders.  The  conditions  to-day  are  unchanged. 
About  60  claims  are  held  in  the  district  by  these  men,  with  a  full  and  sublime 
confidence  that  sooner  or  later  capital  must  come  their  way.  In  all  these  years 
they  have  made  no  single  serious  attempt  nor  have  they  gone  one  Jot  out  of 
their  way  to  look  for  it. 

Suyoc  has  always  been  a  gold  rather  than  a  copper  camp.  To-day  the  desul- 
tory labor  of  a  few  Igorots  produces  more  than  1,500  ounces  per  annum. 

These  poverty-stricken  prospectors  have  been,  for  six  years,  living  within  a 
few  miles  of  35,000,000  cubic  yards  of  pay  gravel,  much  of  which  (the  shallower 
reconcentrated  areas)  is  rich  enough  to  have  enabled  a  white  mfin,  aided  by 
the  cheap  Igorot  labor,  to  make  good  iljgncy;  Few  of  these  meta  but  have  passed 
through  the  4  miles  of  these  placers  a^^icore  of  times.  All  of  them  must  have 
known  that  the  gold  eroded  from  the  rich  Suyoc  veins  had  no  other  outlet  than 
the  Abra  River  and  that,  until  it  reached  the  broad,  flat  valley  of  Comillas, 
was  too  steep  to  precipitate  the  gold  It  carried.  Several  of  the  men  have  since 
told  me  that  they  thought  of  prospecting  the  benches,  but  they  never  did. 
It  remained  for  a  stranger  to  the  district  to,  with  his  friends,  take  it  up.  The 
following  dry  season  will  probably  see  it  thoroughly  prospected.  The 
writer,  having  spent  a  month  In  surveying  and  examining  these  placers,  be- 
lieves that  they  will  be  found  of  very  considerable  value. 

Geology. 

A  comprehensive  geological  study  of  the  I^epanto  mineral  district  would  of 
necessity  require  the  reconnolssance  of  a  region  containing  quite  1,500  square 
miles,  a  territory  at  present  almost  entirely  unsurveyed.  So  lengthy  a  field 
study  as  this  comes  not  well  within  the  province  of  a  mining  engineer's  duties, 
but  Is  properly  for  the  trained  government  geologist. 

Few  explorers  have  visited  this  region  in  the  past.  Hernandez,  in  1855, 
spent  seventeen  days  In  the  mountains  and  on  his  return  first  excited  public 
Interest  In  Mancayan.  He,  however,  attempted  no  more  than  an  examination  of 
the  one  ore  occurrence,  which  was  then  a  mere  prospect. 

Santos,  who  from  1864  to  1875  so  ably  managed  the  Mancayan  copper  mines, 
paid  little  or  no  attention  to  the  geology  a  mile  away.  The  able  von  Drasche 
passed  through  the  country  In  1875  on  a  rapid  reconnolssance  of  a  very  large 
area.  He  had  no  maps  and  could  do  little  more  than  make  a  superficial  exam- 
ination. Mr.  Becker,  of  the  U.  S.  Geological  Survey,  made  a  trip  around  the 
islands  of  the  archipelago  in  a  gunboat,  it  being  hardly  safe  at  that  time  to 
travel  in  any  other  way.  He  could  not,  as  he  explains  it,  go  farther  inland 
than  the  boat's  guns  could  shoot.  He  picked  up  on  the  coast  and  rivers  peb- 
bles and  bowlders.  They  told  him  quite  a  story.  Returning  to  America  he 
compiled  what  all  the  other  writers  had  to  say  with  what  he  gathered  in  his 
trip  and  made  many  excellent  deductions  therefrom,  which  are  published  in 
the  Twenty-first  Annual  Repoi*t  of  the  V.  S.  Geological  Survey. 

In  the  winter  of  1903-4  Mr.  A.  J.  Eveland,  geologist  of  the  Philippine  min- 
ing bureau,  made  the  first  systematic  study  of  the  district  but  naturally,  only 
a  preliminary  report  was  Justified.      His  report  appears  as  Bulletin  No.  4  of 
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the  mining  bureau  as  **  A  Preliminary  Reconnolssance  of  the  Mancayan-Snyoc 
Mineral  Region." 

My  three  months  of  field  work  were  not  intended  as  a  geological  study  in 
more  than  the  preliminary  examination  of  the  Mancayan  copper  mines.  The 
Suyoc  gold  and  copper  prospects  and  the  Abra  River  placers  necessitated  the 
securing  at  first  hand  sufficient  reliable  data  to  enable  me  to  venture  with  some 
measure  of  safety  a  theory  of  the  genesis  of  the  ores,  their  probable  extent,  and 
continuity. 

I  laclsed  a  topographic  map  and  did  not  malse  a  complete  survey  of  the 
district,  as  I  expected  to  receive  in  ample  time  the  new  map  prepared  by  the 
mining  bureau;  unfortunately,  however,  lack  of  lithographic  facilities  In 
Manila  has  delayed  its  appearance.  I  drew  a  rough  map  on  which,  aided  by 
the  miners,  were  drawn  all  the  claims  located,  the  roads,  trails,  rivers,  and 
prominent  objects.  This  took  a  day  or  so  and,  rough  as  it  was,  sufficed  for  my 
needs.  A  hasty  compass  survey  of  southeastern  Suyoc,  a  compilation  from  a 
Spanish  map  of  Mancayan,  a  plan  of  the  underground  workings  at  Mancayan, 
kindly  sent  me  by  the  mining  bureau,  and  a  transit  and  stadia  survey  I  made 
of  the  Abra  River  placers  left  me  little  to  want  for. 

The  known  mineral  areas  of  economic  Importance  in  northern  Luzon  may 
be  said  not  to  exceed  3  miles  in  width ;  they  are  usually  much  longer ;  all  lie 
on  the  western  slope  of  the  Cordillera  Central.  Commencing  with  the  southern- 
most Benguet  field,  a  line  bearing  north  23**  east  would  closely  bisect  all  of 
them.  Between  them  stretch  long  areas  of  apparently  barren  regions.  There 
is  sufficient  similarity  in  all  the  ore  occurrences  of  Lepanto  and  Benguet 
provinces,  most  of  which  I  have  visited,  to  warrant  the  assumption  that  in 
all  probability  the  same  common  causes  that  created  deposits  in  one  place 
caused  deposits  in  all. 

Diorite  is  the  underlying  rock  in  Lepanto  as  in  Benguet.  Several  igneous 
intrusions  have  taken  place.  A  wide  granite  intrusion  some  12  miles,  possibly 
much  more<  in  length  marks  clearly  the  western  limit  of  ore  deposition  for  both 
Mancayan  and  Suyoc.  East  of  this  hornblende-granite  intrusion  In  the  basal 
diorite  are  several  occurrences  of  the  outcropping  of  rhyolite  or  quartz- 
porphyry  intrusions,  either  one  fairly  large  mass  or  three  separate  dikes.  I 
incline  to  the  belief  that  further  development  will  prove  them  to  be  three 
vents  to  the  one  intrusion.  The  general  strike  of  all  the  igneous  intrusions  is 
north  20°  west,  the  dip  east  and  varying  from  10**  to  almost  vertical  and  with 
many  indications  of  steepening  at  depth.  In  southeastern  Suyoc  the  Copper 
Queen  Creek  has  cut  its  way  through  a  mass  of  dioritic  conglomerate  of  great 
thickness;  this  is  undoubtedly  the  same  rock  von  Drasche  describes  as  the 
"  Agno  beds  "  as  *'  consisting  in  the  lower  iwrtions  of  coarse  breccias  and  con- 
glomerates of  dioritic  rocks,  very  coarsely  l>edded,  with  pebbles  often  of  enor- 
mous size."  I  quote  from  Mr.  Eveland :  "  Regarding  ages  of  these  rocks 
nothing  can  be  said  excepting  the  deductions  already  made  by  others  ♦  ♦  ♦. 
Von  Drasche  first  classed  them  as  primitive,  then  Paleozoic.  Later  Al)ella 
seems  to  have  obtained  fossils  in  the  upper  strata  of  shells  of  surviving 
species  and  lignite,  and  adopts  the  hypothesis  that  these  *Agno  beds*  repre- 
sent the  basal  conglomerate  formed  during  the  Miocene  subsidence  of  the 
Philippine  group."  These  descriptions  leave  little  for  me  to  add  under  this 
heading,  but  as  they  are  the  source  of  ore  deposits  of  considerable  magnitude 
not  hitherto  written  about  I  shall  speak  of  them  at  some  length  under  the 
proper  caption. 

In  the  extreme  southern  end  of  Suyoc,  but  on  the  western  slope  of  the  Cor- 
dillera, is  an  occurrence  of  basalt,  which  also  is  the  depository  of  rich,  although 
possibly  not  large,  ore  bodies.  Overlying  the  conglomerate  north  of  the  Copper 
Queen  Creek  I  find  a  12-foot  seam  of  clay  underlying  a  thin  sheet  of  trachyte. 

The  entire  topography  is  covered  with  a  trachyte  fiow.  Von  Drasche  calls 
it  sanadine-hornblende-quartz-trachyte.  Mr.  Eveland  is  more  modest,  or  has 
a  greater  Idea  of  the  economy  of  space,  and  simply  says  trachyte.  The  shorter 
name  will  suffice.  Mr.  Eveland  further  speaks  of  it  as  being  a  rock  of  the 
utmost  importance,  as  having  a  direct  bearing  on  the  ore  deposition  of  Man- 
cayan. I  can  not  in  this  agree  with  him.  I  will  go  into  the  matter  more  fully 
under  "Genesis  of  the  Ore."  The  trachyte,  as  studied  all  over  the  district 
seems  to  be  a  fiow  of  very  recent  date  from  the  east,  most  likely  from  Mount 
Data,  which  I  see  no  reason  to  doubt  was  not  very  long  ago  an  active  volcano, 
although  I  agree  with  Mr.  Eveland  in  that  it  very  likely  is  "the  residual 
mass  left  by  erosion  of  the  eastern  limb  of  the  broken  anticlinal  arch,  and  added 
to  by  later  volcanic  action."    The  entire  district,  I  have  stated  elsewhere,  is 
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cut  by  many  swift-flowing  streams,  all  of  which  have  cut  their  beds  in  the 
rocks  underlying  the  trachyte.  Southern  Suyoc  shows  me  clearly  that  at  the 
time  of  the  trachyte  flow  there  existed  a  topography  not  much  different  from  the 
present,  and  in  that  district  the  general  contour  of  the  trachyte-conglomerate 
contact  follows  very  closely  that  of  the  usual  water  line.  The  trachyte  is  thick- 
est at  the  mountain  crests  and  shades  to  nothing  in  the  valleys.  The  rock 
itself  can  only  be  called  a  rock  by  the  technical  courtesy  that  classes  water 
a  rock  because  it  is  made  up  of  mineral  molecules.  It  is  a  much  decomposed 
gritty  crumbling  mass,  sometimes  almost  earthy,  at  other  times  ashy  in  appear- 
ance, with  large  phenocrysts  that  aggregate  more  than  the  ground  mass;  in 
no  instance  that  I  have  so  far  been  able  to  find  does  it  have  a  depth  of  200  feet 

Hot  springs  in  great  number  are  met  with  in  Benguet,  south  of  these  ore  de- 
posits, and  near  Cervantes,  north  of  them.  These  springs  contain  chlorine, 
sodium,  and  other  solvents. 

Briefiy,  then,  a  glance  at  the  attached  sections  will  give  the  general  geology. 
A  is  a  section  through  the  ore  deposits  of  Mancayan  bearing  north  45**  east.  It 
shows  an  underlying  diorlte  intruded  by  granite  and  quartz-porphyry  intrusions, 
the  latter  for  some  200  feet  of  width  containing  lenticular  masses  of  tetrahed- 
rite,  enargite,  and  other  locally  less  important  minerals.  CJoverlng  all  ex- 
cepting at  the  granite  and  porphyry  outcrops  and  the  river  bottoms  is  a  mass 
of  trachyte.  B  is  a  section  through  the  Palidan  and  Gatugat  slides,  old  Igorot 
workings,  in  which  there  is  among  the  natives  considerable  activity  to-day. 
This  bears  south  72**  east,  cutting  through  the  Rogers,  Igorot,  Montana,  Gatu- 
gat and  Laura  claims.  Again  we  have  the  underlying  diorite ;  the  granite  in- 
trusion here  is  a  considerable  distance  west  of  the  commencement  of  the 
section,  also  the  same  quartz-porphyry  intrusions  and  the  same  trachyte 
capping.  The  ore  occurrences  are,  however,  much  different,  as  will  be  spoken 
of  later.  C  is  a  section  through  southernmost  Suyoc  bearing  south  45**  east. 
Here  also  underlying  diorite,  the  granite  again  too  far  west  to  have  place 
on  the  section,  the  trachyte  capping,  the  quartz  porphyry  Intrusions,  but  no 
ore  depositions  shown  until  the  eastern  bank  of  the  Abra  River  is  I'eached, 
when  in  diorite  are  several  small  veins  of  rich  gold,  lead,  and  zinc  content,  and 
last  of  all  in  the  coarse  conglomerate  which  here,  by  the  grinding  action  of 
faulting  has  been  brecciated  exceedingly  fine,  the  lines  of  the  minor  faults 
filled  by  replacement  with  quartz  veins. 

The  Abra  River  placers  are  dry  benches,  formed  by  the  eroding  and  corrad- 
Ing  action  of  the  heavy  precipitation  in  the  Suyoc  region,  the  corraded 
matter  being  carried  down  by  the  numerous  small  streams  to  the  Abra  River, 
which,  entirely  encircling  Suyoc,  Is  the  only  drainage  the  district  has.  At  the 
time  of  the  formation  of  these  placers  the  annual  precipitation  was  likely 
twice  the  present — 120  to  150  inches.  The  gradient  of  the  Abra  River  from  and 
through  Suyoc  to  the  Comillas  Valley  is  closely  4  per  cent  too  great  to  per- 
mit of  the  precipitation  of  the  metal  carried  in  suspension.  Over  the  4  miles 
the  placers  extend  the  gradient  has  dropped  to  slightly  less  than  1  per  cent. 
The  river  has  made  its  way  through  an  overlying  trachyte  quickly  down  to  the 
underlying  granite,  basalt  diorite,  carrying  with  it  in  times  of  flood  many  large 
bowlders.  Approximately  5  per  cent  of  the  volume  of  gravel  is  in  pebbles  of 
from  9  Inches  to  3  feet  in  diameter.  These  have  acted  as  riffles,  allowing  but 
little  gold  to  escape  below  the  fiat.  A  survey  of  the  benches  shows  three  main 
channels  that  at  different  periods  have  been  the  river's  beds.  It  would  seem 
that  firstly,  the  bed  was  from  2,000  to  4,000  feet  west  of  Its  present  one.  This 
became  filled  up  with  gravel  to  a  depth  shown  by  exposures  of  In  places  50  feet ; 
then  a  new  channel  was  cut  lower  down  to  the  east  into  which,  besides  the 
gravels  carried  down  from  Suyoc,  were  reconcentrated  a  part  of  the  gravels 
from  the  older  bench.  The  same  thing  has  happened  three  times.  Two  cross- 
cutting  streams,  as  may  be  seen  by  reference  to  the  accompanying  map  of  the 
placers,  have  reconcentrated  still  further  large  areas.  I  speak  of  these  placers 
under  a  seimrate  head  at  greater  length. 

Genesis  of  the  Ore. 

It  is  somewhat  early  to  venture  an  authoritative  statement  anent  the  genesis 
of  the  Mancayan  Suyoc  ores.  I  propose  to  give  the  facts  and  hazard  the 
theory  I  deduce  from  them.  It  will  be  some  years  hence,  after  diamond  drills, 
shafts,  and  tunnels  have  penetrated  far  Into  the  bowels  of  Mother  EJarth,  before 
the  genesis  of  these  ores  can  be  authoritatively  given. 
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Some  thirty-odd  miles  soutli  of  and  10  miles  north  of  this  region  are  noticeable 
many  hot  springs,  bubbling  forth  from  unknown  depths,  their  heated  waters 
charged  with  chlorine,  sodium,  and  other  minerals. 

The  basal  diorite  of  Lepanto,  as  of  Benguet,  has  been  hitruded  by  narrow 
dykes  of  Igneous  matter,  prominent  among  which  is  a  strong  occurrence  of 
rhyolitic  quartz  porphyry.  The  entire  region  has  been  the  center  of  many  and 
repeated  shattering  shakes.  In  places,  generally  parallel  to  four  directions 
from  north  8°  ea^t  to  east.  These  slips  have  resulted  in  the  formation  of 
brecciated  zones  of  considerable  length  and  breadth,  finest  always,  of  course, 
In  the  central  parts. 

The  Mancayan  deposits  consist,  so  far  as  present  development  shows,  of 
lenticular  masses  of  enargite  and  tetrahedrite,  there  being  frequently  associated 
with  the  latter  chalcopyrlte.  These  minerals  are  contained  In  a  calcareous 
quartz  gangue  which  frequently  does  not  comprise  10  per  cent  of  the  mass. 
Here  and  there  throughout  the  mine  covellite  and,  more  sparingly,  some  other 
of  the  copper  minerals  are  observable.  Outside  the  lines  of  the  ore  shoot  the 
quartz  porphyry  dike  is  found  in  places  to  be  of  medium  grade  copper  value 
containing  gray  copper  ores  as  small  islands  in  parts  of  its  mass  and  as  the 
lining  or  filling  of  small  seams.  The  lenses  vary  in  size,  from  one  several 
hundred  feet  in  length  by  20  feet  in  width  and  an  unknown  depth,  to  others, 
little  fellows,  not  much  larger  than  cracks.  All  occur  within  the  quartz  por- 
phyry intrusion  and  within  the  confining  walls  of  a  chimney  or  shoot  some 
200  feet  wide  by  an  Indefinite  depth,  striking  In  a  general  southeastern 
direction  at  a  low  dip  from  the  horizontal.  These  lenses  are  Invariably  parallel 
to  the  well-defined  lines  of  the  numerous  minor  fault  seams.  Their  quartz 
gangue  plainly  shows  its  origin  to  have  been  through  the  replacement  of  another 
mineral.  I  believe  that  closer  examination  will  show  the  entire  set  of  lenses 
to  be  connected  one  to  another  by  thin  seams  or  crevices  of  material  similar 
to  that  they  contain,  and  that  through  these  channels  the  heated  rising  waters 
have  penetrated,  carrying  from  greater  depth  siliceous  solutions  well  charged 
with  the  elements  that  form  the  copper  minerals.  These  waters  traveled  up- 
ward until  they  reached  a  zone  where  the  pressure  that  forced  them  no  longer 
was  so  strongly  felt  when  the  deposition  of  their  minerals  and  the  replacement 
and  enlargement  of  the  cracks  commenced. 

Let  us  return  now  to  the  time  of  the  quartz  porphyry  Intrusion.  An  asidlc 
mass  from  500  to  1,500  feet  In  thickness  and  more  than  35,000  feet  In  length 
was  forced  upward  through  the  diorite  in  a  line  parallel  to  the  earlier  granite 
intrusion  and  east  of  it.  A  plastic,  almost  fluid  mass,  such  as  this  must  have 
been,  follows  the  line  of  least  resistance  in  coming  to  the  surface;  here  this 
was  a  weakened  or  shattered  zone,  a  long,  narrow  area  of  crushed  rock,  caused 
by  the  granite  intrusion.  It  rose  to  the  surface.  In  different  parts  of  its 
length  it  cooled  at  varying  temperatures  and,  possibly,  was  affected  by  other 
conditions,  evidenced  by  the  different  textures  of  the  rock,  the  great  differences 
in  crystallization  and  phenocrysts  and  the  lack  of  them.  In  cooling  it  con- 
tracted, causing  fissures  and  cracks  which  soon  became  the  ready  channels 
for  the  escaping  vapors,  gases,  and  waters  driven  off  by  the  heated  mass  from 
its  lower  and  more  slowly  cooling  regions.  These  vapors,  gases,  and  waters 
were  probably  fumeroles  that  died  out  soonest  at  the  highest  elevation.  They 
live  to-day  as  the  hot  siirings  of  the  north  and  south  at  elevations  of  from  500 
to  2,500  feet.  This  intrusion  caused  fissures  and  cracks  to  its  east,  as  did  the 
granite  Intrusion  before  it.  These  In  Suyoc  have  been  filled,  or  possibly  by 
replacement  of  their  walls  enlarged.  Into  several  veins,  one  several  thousand 
feet  long  and  of  strong  width,  others  much  smaller,  and,  while  not  absolutely 
parallel  to  the  dikes,  never  forming  more  than  a  small  acute  angle  with  them. 

The  repeated  shaking  and  shattering  of  minor  faulting  caused  more  Assuring, 
much  fracturing,  and  considerable  brecciation,  all  favorable  to  and  used  by 
the  percolating  waters  in  effecting  their  task  of  ore  deposition. 

It  should  be  remembered  that  nearly  the  entire  topography  of  the  district  is 
covered  by  a  thin  trachyte  capping  which  completely  hides  from  us  the  secrets 
of  nature's  storehouse,  other  than  is  shown  us  where  the  swift-flowing  streams 
have  hewn  their  beds  through,  Into  the  more  solid  rocks,  exposing  an  occasional 
ore  deposit.  There  is  therefore  no  reason  to  doubt  that  further  exploration 
beneath  this  cap  will  result  in  the  discovery  of  other  ore  deposits  or  rather 
other  parts  of  this  great  one.  What  we  know  here  now  is  but  the  index  finger 
that  has  been  so  kindly  pointed  for  us. 

In  southeastern  Suyoc  the  conglomerate  beds  were  faulted  by  three  or  more 
minor  slips  or  faults,  having  a  general  northeast-southwest  direction,  resulting 
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In  fine  brecciatlon  of  the  diorlte  pebbles.  Here  causes  similar  to  those  at  work 
in  Suyoc  caused  but  slightly  different  results.  The  brecciatlon  was  of  suffi- 
cient length  to  have  permitted  the  formation  of  veins  instead  of  lenses. 

Character  of  the  Ore. 

The  Mancayan  ores  are  gray  copper  ores,  principally  enargite  and  tetrahe- 
drite,  the  latter  frequently  associated  with  chnlcopyrite,  and  in  the  lowest  level 
of  the  mine  overlying  a  large  deposit  of  enargite  I  found  a  considerable  quantity 
of  covellite  embedded  in  enargite.  In  much  lesser  quantity  are  to  be  founj 
tenantite  and  malachite.  As  stated  under  genesis  these  ores  are  contained  in 
the  calcareous  quartz  gangue.  The  mine  also  contains  large  quantities  of 
pyrltous  ores  worth  some  $5  in  gold  per  ton,  contained  In  a  similar  gangue. 
Associated  with  the  enargite  is  a  small  percentage  of  zinc.  All  the  minerals 
seem  to  carry  small  gold  and  silver  values,  but  I  have  not  so  far  ascertained  the 
exact  relationship. 

Suyoc  in  the  main  dike  contains  exactly  similar  ores  to  Mancayan,  but  owing 
to  the  more  limited  development  of  the  district  the  quantities  in  sight  are  much 
smaller  and  probably  development  will  prove  the  lenses  to  be  smaller  than  in 
Mancayan. 

West  of  the  main  dike  occur  small  veins  of  a  calcareous  quartz  carrying 
sphalerite,  galenite,  boronite,  gray  copper,  and  free  gold. 

East  of  the  main  dike  are  strong  occurrences  of  calcareous  quartz  vein 
carrying  pyrlte  and  free  gold  with  a  hanger  rich  in  copper  sulphides.  Here 
also  are  many  occurrences  of  weak  veins  carrying  galenite,  sphalerite,  many 
of  the  copper  sulphides,  pyrlte,  marcaslte,  and  free  gold.  The  Palldan  and 
Cayan  slides,  which  contain  large  quantities  of  debris  from  the  old  Igorot 
workings  and  from  erosion,  contain,  as  also  some  other  parts  of  the  district, 
small  occurrences  of  gypsum  which  is  of  no  economic  Importance  and  probably 
owes  ltd  origin  to  the  action  of  sulphuric  acid  from  the  decomposing  sulphides 
on  the  calcareous  matter  of  the  gangue. 

The  strong  quartz  replacement  vein  of  southeastern  Suyoc  which  is  in  the 
brecclated  dlorltic  conglomerate  consists  of  a  quartz  gangue  heavy  In  calclte. 
The  principal  minerals  are  chalcopyrite,  tetrahedrite,  several  undetermined 
silver  minerals,  pyrlte,  and  gold.  In  addition,  but  of  small  economic  importance, 
are  many  of  the  copper  minerals  including  chacoclte  and  some  tenorite.  Every 
assay  of  ore  in  this  vein  so  far  has  carried  in  excess  of  8  per  cent  Cu.,  12 
ounces  Ag.,  and  0.10  ounce  Au.  per  ton. 

Early  in  this  chapter  I  ventured  the  hypothesis  that  ascending  waters  had 
deposited  their  mineral  freight  close  to  the  surface.  I  by  no  means  am  to  be 
misunderstood  as  saying  that  the  deposits  are  superficial  ones,  but  that  in  my 
opinion  it  will  be  found  that  at  depth  values  will  become  less  until  at  some- 
thing like  2,000  feet  It  is  probable  pay  values  will  cease.  Should,  however, 
these  deposits  continue  to  1,000  feet  at  50  per  cent  of  their  present  value  this 
will  be  one  of  the  world's  richest  copper  camps.  I  believe  that  the  secondary 
sulphide  enrichment  of  Mancayan  Is  simply  the  result  of  a  continuation  of  the 
process  of  ore  deposition  until,  having  deposited  In  an  original  form  as  chalco- 
pyrite, the  ores  were  worked  over  again  until  the  present  very  rich  sulphides 
resulted,  not  necessarily  at  the  expense  of  the  levels  immediately  below  but 
possibly  carried  up  from  the  same  depths  that  sent  up  the  first  mineral.  It  Is, 
however,  also  possible  that  this  concentration  has  been  affected  through  either 
robbing  the  ores  immediately  below  or  from  minerals  contained  In  eroding 
thousands  of  feet  above.  There  Is  now  an  annual  precipitation  of  over  120 
inches  falling  on  very  steep  slopes  which  may  mean  that  descending  waters 
have  caused  the  zone  of  secondary  enrichment. 

Ooonrrence  of  the  Ore. 

Present  development  shows  rich  ore  deposits  of  probable  magnitude  at  the 
I^panto  and  Bontoc  claims,  the  old  Spanish  copper  mines,  in  Mancayan,  the 
Cayan,  Palldan,  Gatugat,  and  Qulen  Sabe  workings  of  Central  Suyoc,  and  the 
.  Copper  Queen  Creek  and  Gobossen  workings  of  southeastern  Suyoc. 

The  center  of  Mancayan,  from  a  mining  standpoint,  is  the  large  ore  body  of 
the  I^panto  and  Bontoc  claims.  This  is  partially  developed  by  some  6,000  feet 
or  more  of  underground  workings,  galleries,  winzes,  and  stopes,  which  prove 
the  existence  of  ^e  strong  shoot  described  in  the  last  chapter.    Mr.  Eveland 
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states  in  his  report  on  the  district :  "  One  important  observation  is  worth  re- 
cording: The  lowest  tunnel,  a  regular  and  large  gallery  driven  for  drainage, 
has  in  its  present  length  and  in  the  side  drifts,  which  are  under  the  greater 
part  of  the  other  workings,  no  sign  of  ore,  in  decided  contrast  to  the  rich  values 
of  a  few  feet  above.  The  explanation  of  this  is  not  certain."  This  does  not 
agree  with  the  facts  as  I  have  found  them.  Unfortunately  this  part  of  the  mine 
at  the  time  of  Mr.  Eveland*s  visit  was  in  such  a  condition  as  to  preclude  the 
possibility  of  a  thorough  examination.  The  side  galleries  draining  the  richer 
parts  of  the  mine  were  filled  with  a  solid  gossan  to  within  a  foot  of  their  top. 
The  richest  parts  of  the  mine  are  several  hundred  feet  east  of  this  drainage 
tunnel,  and  no  attempt  was  ever  made  by  the  Spaniards  to  use  it  for  other  than 
drainage  purposes.  A  closer  study  of  the  deposit  shows  that  while  the  ore 
occurs  within  the  quartz  porphyry  dike,  it  is  unlikely  it  would,  as  gray  copper 
ore,  assaying  16  per  cent  cu.,  occur  throughout  every  part  of  a  mass  1,000  feet 
in  width.  It  may  in  fact  be  seen  that  ore  occurs  here  only  within  the  walls  of 
a  chimney  approximating  200  feet  in  width,  dipping  some  10**  from  the  horizontal 
downward  in  a  southeasterly  direction,  showing  evidences  of  greater  strength 
toward  the  south.  Furthermore,  I  have  found  several  occurrences  of  small 
seams  of  rich  enargite  within  the  drainage  tunnel,  and  its  walls  over  a  con- 
siderable part  of  their  length  carry  or  are  a  low-grade  copper  ore.  The  side 
galleries  leading  from  it  were  Seuor  Santos's  drainage  system  for  the  mine,  and 
no  lateral  drifts  have  been  run  from  them  in  search  of  ore.  From  their  loca- 
tion I  should  unhesitatingly  declare  them  to  lie  west  of  the  probable  ore  zone, 
not  under  it.  I  may  also  say  that  my  richest  samples  have  been  taken  from 
'-the  lowest  levels  of  the  mine  where  large  bodies  of  high-grade  ore  exist 

The  result  of  thirty-six  years  of  Spanish  operations  with  a  crude  Mexican 
smelter  is  the  accumulation  of  dumps  approximating  100,000  tons  of  ore,  worth 
about  $20  gold  per  ton,  with  iK)8sibly  as  much  more,  the  result  of  the  same  and 
previous  native  operations,  spread  out  along  the  Mancayan  River  in  the  copper 
placer  claim. 

On  the  Tombstone  and  Orient  claims,  immediately  northwest  of  the  Bontoc 
claim,  are  several  exposures  of  low-grade  copper  ore.  It  is  improbable  that  the 
rich  ore  shoot  above  mentioned  will  extend  so  far  north,  as  its  full  strength 
seems  to  come  from  the  south.  Still  farther  north,  about  a  mile  or  so,  a  pros- 
pecting tunnel  has  cut  into  low-grade  copper  ore.  No  attempt  has  been  made 
since' its  discovery,  several  years  ago,  to  prospect  it  further,  and,  while  It  may 
possibly  in  jears  to  come  be  found  to  contain  a  body  of  ore,  for  the  purpose  of 
estimating  future  possibilities  we  may  forget  it. 

The  Keystone  claim  lies  southeast  of  and  immediately  adjoining  the  Lepanto 
claim,  and,  as  I  have  previously  stated,  the  full  strength  of  the  ore  shoot  goes 
toward  it,  and  pro8i>ectlng  tunnels  have  located  ore  there.  Whether  this  ore 
shoot  goes  beyond  the  southern  boundary  of  the  Keystone  claim  or  not  is  prob- 
lematical. I)ii)plng,  as  it  does,  at  10°  or  somewhat  more,  a  diamond-drill  hole 
would  find  it  on  the  adjoining  claim,  the  Manila  American,  at  a  depth  of  about 
800  feet,  allowing  for  the  difference  in  elevation  of  the  surface. 

Beyond  this  I  doubt  there  will  ever  be  found  an  economic  occurrence  of  cop- 
per ore  until  Tuboc  is  reached.  Here  I  have  not  been  favorably  impressed,  but 
the  claim  holders  are  energetically  pushing  development  and  report  to  me  hav- 
ing cut  through  the  trachyte  by  their  tunnels  into  the  quartz  porphyry  dike  and 
that  they  have  found  ore.  Unfortunately  the  tunnel  in  which  this  happened 
was  allowed  to  cave  before  I  could  examine  it,  and  at  the  time  of  writing  has 
not  been  taken  up. 

At  Cayan  we  reach  a  different  class  of  ore  occurrences,  those  characteristic  of 
Suyoc.  Here  undoubtedly  are  many  occurrences  In  leads,  more  or  less  strong, 
of  copper  and  pyritous  ores  in  siliceous  and  gypsum  gangues,  the  latter  cer- 
tainly superficial  deposits,  the  former  more  likely  leaders  from  or  to  a  larger 
deposit  not  yet  opened  up. 

Palldan  presents  an  ore  deposit  of  considerable  magnitude,  opened  up  by 
Igorot  gopher  holes  and  erosion  over  some  1,200  feet  in  length.  It  is  in  ap- 
pearance a  slide,  some  1,200  feet  or  more  across  the  top,  maintaining  a  fairly 
uniform  width  to  the  bottom,  some  thousand  feet  or  so  lower,  on  about  a  45' 
slope,  pierced  here  and  there  with  numerous  small  galleries.  In  the  dry  season, 
viewed  at  a  distance  of  a  few  miles,  it  glistens  in  the  sunlight  with  all  the  * 
beautiful  colors  of  peacock  ore.  Close  at  hand  it  is  found  to  be  an  enormous 
dump  and  talus  heap,  containing  undoubtedly  much  low-grade  copper  through- 
out, and  causing  the  miner  immediately  to  speculate  as  to  whether  concentra- 
tion could  not  be  made  to  give  up  Its  possible  value.    A  closer  inspection  of 
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the  little  gopher  holes  shows  that  they  have  been  run  in  following  rich  leads 
of  tetrahedrlte,  boronlte,  and  in  one  instance  a  well-defined  strong  lead,  close 
to  the  western  terminus  of  the  slide,  of  galena.  All  have  been  found  in  lentic- 
ular pockets,  to  be  rich  in  free  gold.  This  should  be  the  scene  of  determined 
development  work.  There  is  no  doubt  that  a  large  ore  body  exists,  but  in  its 
present  state  of  development  and  ownership  nothing  can  be  done  with  it.  These 
conditons  will  undoubtedly  better  in  time,  and  it  may  then  become  a  rich 
center  of  Suyoc.  Gatugat,  1,000  feet  away,  is  the  same  thing  on  a  smaller 
scale,  but  fortunately  without  the  troubles  of  complicated  ownership.  At  the 
foot  of  the  Gatugat  workings  for  several  thousand  feet  stretches  the  Quien 
Sabe  vein,  which  on  the  Quien  Sabe  claim  of  Mr.  Albert  P.  Wright  has  in 
past  years  been  the  scene  of  great  activity  and  production  in  free  gold.  The 
vein  is  a  strong  one,  the  strongest  of  the  district.  Its  main  body,  a  whitish 
calcareous  quartz,  carries  gold  and  some  pyrite,  the  breccia  ted  hanger,  good 
copper  values.  It  is  to  be  hoped  that  no  time  will  be  lost  in  developing  this 
and  the  adjoining  claims,  as  they  offer  considerable  future  promise.  On  the 
Laura  claim  of  Mr.  C.  A.  Pettit,  somewhat  close  to  the  northern  end  of  this 
vein  and  in  the  quartz  porphyry  dike,  in  lenses,  I  have  taken  some  rich 
samples  of  copper  orea  Lack  of  development  prevents  my  saying  more  than 
that  it  looks  good. 

Between  this  and  (Copper  Queen  Creek  are  several  occurrences  of  small 
veins  in  the  diorlte  country.  These  carry  copper,  lead,  and  zinc  sulphides  of 
an  appearance  to  indicate  origin  through  surface  waters,  also  free  gold. 

In  southern  Suyoc,  CJopper  Queen  Creek  has  cut  its  course  through  the  con- 
glomerate beds  described  elsewhere,  exposing  one  strong  quartz  vein  some  4 
to  6  feet  wide.  This  is  called,  locally,  the  Copper  Queen  vein,  and  the 
Anaconda  and  Elizabeth  claims,  one  on  either  bank  of  the  creek,  have  by  tun- 
nels into  the  mountain  along  the  vein  l>een  proven  over  som^  800  feet  in  length. 
It  is  probable  that  the  ore  shoot  continues  l)eyond  in  both  directions,  but  it  can 
not  be  estimated  how  far.  In  the  breast  of  all  four  tunnels  it  seems  as  strong 
as  in  the  center.  Over  all  its  length  samples  have  been  taken  showing  It  to 
be  rich  in  copper,  silver,  and  gold.  Some  few  hundred  feet  farther  up  the 
creek  are  similar  exposures  of  rich  ore,  but  in  weaker  veins. 

The  general  strike  of  these  occurrences  is  northeast-southwest,  and  some 
2,000  feet  southwest  in  the  direct  line  of  strike  are  the  old  Gobossen  workings, 
comprised  now  in  the  Gobossen  claim.  From  these  in  the  past  considerable 
gold  has  been  taken.  Like  the  Palidan  and  Gatugat  workings,  it  will  here  be 
necessary  to  do  considerable  prospecting  and  development  before  an  idea  may  be 
formed  of  the  probable  value  of  the  deposits. 

The  entire  district  may  be  said  to  be  in  its  Infancy.  While  it  has  been  known 
for  many  years  that  minerals  exist  here,  and  while  for  five  years  American 
prospectors  have  been  at  work,  there  has  never  been  excited  the  interest  of 
capitalists,  very  likely  for  no  other  reason  than  that  the  field  has  never  been 
properly  or  at  the  proper  time  placed  before  them.  There  is  every  reason 
to  believe  that  future  development  work  will  succeed  in  opening  up  not  only 
the  deposits  I  have  described,  but  others  at  present  hidden  by  the  trachyte 
capping  and  not  now  dreamed  of.  Also  the  outlying  portions  of  the  district, 
especially  to  the  east,  will  be  prospected,  and  certainly  offer  encouragement. 
It  must,  however,  always  be  strongly  borne  in  mind  that  this  is  not  a  poor 
man's  district,  and  that  either  prospecting  or  development  without  strong 
financial  backing  is  but  financial  suicide. 

The  Spanish  workings,  which  present  the  only  semblance  of  a  mine,  are  at 
Mancayan  on  the  Lepanto  and  Bontoc  claims.  Here  some  6,000  feet  of  regular 
and  irregular  galleries  and  winzes  have  blocked  out  a  large  body  of  ore  which 
a  thorough  examination  alone  can  safely  put  into  reliable  figures.  The  result 
of  thirty-six  years  of  Spanish  smelting  with  a  crude  Mexican  smelter  is  seen 
by  a  waste  or  dump  heap  of  some  100,000  tons  of  ore  worth  fully  $2,000,000. 
I  believe  it  safe  to  predict  that  a  thorough  examination  will  prove  the  existence 
of  at  least  70,000  tons  of  $30  ore  and  likely  as  much  as  150,000  tons  of  a  lower 
but  pay  grade  in  sight.  It  is,  however,  unwise  to  speculate  on  the  future 
possibilities  of  this  ore  shoot  until  after  a  thorough  examination  has  been  made. 
The  present  development  proves  the  existence  of  a  shoot  or  chimney  some 
1,350  feet  long  by  200  feet  in  width  in  which  are  repeated  occurrences  of 
lenticular  masses  of  high-grade  copper  ores.  It  would  appear  from  the  char- 
acter of  the  occurrences  that  there  is  little  likelihood  of  the  shoot  continuing 
much  farther  north,  but  that  it  will  become  stronger  to  the  south  in  the  Key- 
stone claim.    My  examination,  being  only  a  preliminary  one,  does  not  place 
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me  in  a  position  to  give  accurately  the  quantity  and  grade  of  the  ore  contained 
in  this  shoot. 

The  high-grade  Mancayan  ores  range  in  value  from  6  per  cent  copper  and 
$2  gold  to  30  per  cent  copper  and  $5  gold  per  ton,  with  a  small  silver  content ; 
the  low-grade  ores  from  2  per  cent  copper  to  5  per  cent  and  from  $2  to  $5  gold 
per  ton.  There  exists  here  also  a  large  but  undeveloped  body  of  pyrite  in  a 
calcareous  quartz  gangue  which  carries  some  $5  and  higher  in  gold  per  ton. 

The  native  workings  of  Palidan,  Gatugat,  Cayan,  and  Gobossen  give  values 
varying  greatly  and  worth  from  3  per  cent  copper  to  12  per  cent  copper,  a  low 
grade  of  lead  and  zinc  ore,  and  from  a  few  dollars  to  $500  in  gold  per  ton, 
the  higher  gold  values  being  found  only  in  small  pockets  or  veinlets. 

The  Qulen  Sabe  vein  gives  some  $5  gold  over  6  feet  width  of  calcareous 
quartz  vein  which  is  traceable  on  the  surface  and  through  native,  Spanish,  and 
American  drifts  for  several  thousand  feet;  its  brecciated  hanger,  over  4  feet 
or  so  of  width,  gives  a  medium  copper  value. 

The  Laura  claim  in  the  quartz  porphyry  dike  shows  high-grade  copper  values, 
but  has  not  been  sufficiently  developed  to  enable  a  safe  estimate  being  made. 

Spread  out  all  over  Suyoc,  east  of  the  quartz  porphyry  dike,  are  numerous 
small  veins  giving  high  gold  assays.  They  have  not  the  appearance  of  strength 
and  are  practically  undeveloped.  It  would  answer  no  useful  purpose  to  give 
their  values. 

The  ore  occurrence  on  the  Anaconda  and  Elizabeth  claims,  cut  by  the  Copper 
Queen  Creek  and  opened  up  by  tunnels,  gives  an  average  value  of  $54  per  ton 
gold,  silver,  and  copper ;  many  of  the  assays  running  exceedingly  high  in  silver 
are  not  included  in  this  average. 

•  Treatment 

For  a  description  of  the  earliest  method  of  treatment  I  quote  from  the  report 
of  Sefior  D.  Antonio  Hernandez,  taking  the  liberty  of  shortening  somewhat  his 
account:** —    ♦     ♦    ♦ 

I  have  been  unable  to  obtain  an  account  of  the  Spanish  methods;  the  furnace 
was  demolished  before  I  arrived  at  the  mine.  From  the  accounts  given  me, 
the  appearance  of  the  slags,  the  high  grade  of  the  ore  they  rejected  as  too  poor 
to  treat,  I  gather  it  must  have  l>een  much  similar  to  the  Mexican  method  of 
long  ago.    There  is  no  present  activity  in  smelting  either  copper  or  gold  ores. 

It  would  be  more  or  less  foolhardy,  if  not  actually  absurd,  to  go  into  the 
detail  of  i>ossible  future  treatment  of  the  ores  before  making  many  careful 
analyses  and  tests;  It  is,  however,  possible  to  state  the  class  of  ore  met  with  and 
give  the  nature  of  the  minerals  and  gangue.  Of  metals  we  have  gold,  sliver,  and 
copper  of  economic  importance.  Others,  such  as  lead,  zinc,  antimony,  etc, 
have,  at  the  present  outlook,  other  purpose  than  to  slightly  complicate  the 
smelting  process. 

A  perusal  of  the  previous  chapters  will  show  that  the  ores  are  rich  In 
sulphur,  the  gangue  siliceous.  The  ores  which  will  demand  first  attention  are 
those  of  high  grade,  by  which  I  mean  valuing  over  $30  gross  per  ton,  and  the 
medium  grade  ores  worth  from  $30  to  $16  per  ton,  the  latter  figure  being,  I 
believe,  the  lowest  that  will  here  stand  direct  smelting  and  give  a  profit  of  20 
per  cent  annually  on  the  capitalization.  In  addition  to  these  there  are  probably 
many  hundred  thousand  tons  of  ore  worth  from  $8  to  $15  per  ton  which  it  may 
be  found  profitable  to  treat  after  first  crushing  and  running  through  jigs  or 
other  concentrating  plants.  I  will  speak  of  the  high  and  medium  grade  ores 
first. 

There  is  at  present  no  cheaper  transportation  than  that  afforded  by  pony 
back  at  $40  per  ton.  It  is  believed  that  by  the  operation  of  an  automobile 
service,  as  per  the  chapter  on  transportation,  this  rate  can  he  reduced  to  less 
than  $6  per  ton  from  the  coast.  Even  at  this  price  it  will  be  seen  that  fuel  In 
large  quantities  would  be  expensive.  The  timber  on  the  surrounding  hills  has 
been  stripi)ed  clean  by  the  Spanish  operations  and,  while  a  little  farther  afield 
a  considerable  supply  might  be  obtained,  it  would  be  absolutely  out  of  the 
question  to  think  of  operating  a  250-ton  smelter  without  bringing  In  coke.  The 
Abra  River  offers  some  15,000  horsepower  that  may  be  harnessed  to  supply  all 
the  power  and  light  that  will  be  needed.  Limestone  is  close  at  hand.  Un- 
skilled laborers  at  50  cents  gold  per  diem  may  be  brought  from  the  coast  in 

«  See  Mining  Bulletin  No.  4,  page  279. 
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unlimited  numbers  and  they  have  been  found  under  good  management  to  be 
efficient:  Skilled  men  must  of  course  be  brought  from  Europe,  America,  or 
Australia. 

It  is  safe  to  suggest  that  partial  pyrite  smelting  will  probably  be  found  pos- 
sible here.  We  may  reckon  on  using  an  additional  charge  of,  let  us  say,  6  per 
cent  coke  figured  on  the  green  ore,  which  will,  with  the  other  ingoing  supplies, 
about  balance  the  weight  of  outgoing  copper  from  the  medium  and  high  grade 
ores.  Large  quantities  of  the  ores  from  all  over  the  district  should  be  sent  to 
one  of  the  best  of  the  American  metallurgists,  who,  after  full  experiments, 
will  advise  and  design  the  proper  plant  It  is  not  possible  to  suggest  more 
here  than  that  the  fines  will  have  to  be  briquetted,  the  coarse  sent  direct  to  the 
smelter  with  the  fluxes  found  necessary  after  practice  with  them.  These  ores 
will  or  can  be  made  to  average  from  8  to  12  per  cent  copper,  the  silver  content 
will  be  large,  and  if  the  flux  carries  much  of  the  pyrltous  ores  about  $5  gold 
per  ton.  Zinc,  antimony,  and  arsenic  will  not  be  in  large  enough  quantities  to 
cause  trouble.  In  a  plant  similar  to  that  of  the  Tennessee  Copper  Company 
and  described  by  Mr.  J.  Parke  Channing  in  Engineering  and  Mining  Journal  of 
June  22,  1905,  it  will  possibly  be  found  necessary  to  concentrate  in  the  furnaces 
twice  before  getting  a  45  per  cent  matte,  the  lowest  it  would  be  advisable  to 
convert 

The  chapter  on  costs  I  believe  will  show  that  $16  per  ton  the  minimum  value 
of  ore  that  will  give  20  per  cent  per  annum  on  the  required  capitalization.  In 
an  estimate  of  the  nature  of  this  it  must,  however,  be  borne  in  mind  that  I 
can  not  afford  to  flgure  as  closely  as  I  hope  and  believe  actual  practice  here 
will  eventually  warrant.  Large  bodies  of  ore,  worth  from  $8  up,  exist  here.  I 
believe  experiments  with  large  quantities  of  these  ores  will  demonstrate  that 
they  can  be  economically  concentrated  about  6  into  1  at  a  saving  of  about 
60  per  cent.  This  seems  low,  but  it  must  be  borne  in  mind  that  the  sulphides 
are  of  very  low  specific  gravity  and,  crushed,  slime  readily.  Thus,  by  Jigs  or 
other  similar  appliances,  an  $i8  ore  concentrated  6  to  1  with  a  60  per  cent 
saving  will  make  a  $28.80  concentrate.  If  we  take  from  this  the  cost  of  mining 
the  extra  5  tons,  concentration,  etc.,  we  get  about  an  $18  ore  net  And  this,  I 
believe,  will  not  be  far  from  the  lowest  value  that  for  some  time  to  come  it  will 
pay  to  handle. 

Working  Xethods. 

I  advise  using  the  topographic  map  of  the  district,  shortly  to  be  published 
by  the  mining  bureau,  as  a  base,  continuing  Mr.  Eveland*s  survey  to  include 
southeastern  Suyoc,  unfortunately  not  included  by  him.  On  this  should  be 
plotted  every  outcrop  and  ore  occurrence  in  the  entire  district,  with  full  data. 
Three  months  will  complete  this,  during  the  ens^neer*s  spare  time. 

ICancayan  Mines. 

Firstly,  a  thorough  examination  should  be  made  of  the  Mancayan  ore  occur- 
rences and  dumps.  This  may  be  completed  in  thirty  days  if  the  existing  sur- 
veys are  accurate ;  otherwise  it  will  take  double  that  time  at  least. 

Diamond  drilling  has  many  advantages,  chief  amongst  which  is  its  speed.  I 
doubt  the  advisability  of  going  to  the  great  expense  this  would  incur  here. 
Owing  to  there  being  no  contractors  in  the  country  it  would  be  necessary  to  put 
a  large  capital  into  a  plant  for  which  at  the  best  there  would  be  only  a  short 
work,  and  that  a  dead  one,  which  would  have  to  be  done  all  over  again  by 
shafts  and  tunnels.  Again,  these  are  irregular  deposits,  and  the  core  from  the 
drill  might  give  a  blank  and  yet  be  within  a  few  feet  of  a  rich  ore  occurrence 
which  in  a  tunnel  would  be  indicated  by  a  seam  and  then  sought  Again,  on 
the  other  hand,  the  core  might  give  us  a  very  rich  sample  which  on  development 
we  would  find  to  be  nothing  but  a  little  island  lense  of  insufficient  size  to  have 
warranted  the  double  expenditure  of  both  the  drill  prospecting  and  the  tunnel. 

For  these  reasons  I  would  not  advise  using  drills  at  present,  but  following  the 
ore  down  with  an  incline  shaft  5  by  9  feet  sunk  on  or  close  to  the  western 
diorite-quartz  porphyry  contact.  The  driving  of  a  double  tunnel  8  by  10  feet, 
from  the  Mancayan  River,  closely  due  east  a  distance  of  about  1,100  feet,  to 
meet  the  shaft  at  a  vertical  depth  of  some  500  feet  below  the  present  workings. 
From  the  incline,  at  intervals  of  100  feet,  levels  will  be  opened  up  by  driving 
along  the  contact,  northwest  and  southeast,  single  drifts  5  by  7  feet  and  in 
thesd;  commencing  at  the  shaft,  lateral  drifts  will  be  sent  into  the  quartz 
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porphyry  every  300  feet,  In  search  of  the  lenticular  ore  bodies,  which,  when 
found,  will  be  opened  up  for  stoplng.  On  completion  of  the  main  double  drift 
the  shaft  will  no  longer  be  used  for  hoisting,  but  ore  will  be  shot  down  it  from 
the  upper  levels  to  the  main  tunnel  by  means  of  a  belt  or  other  conveyor  so  as 
not  to  break  the  ore  too  finely.  The  double  drift  will  be  the  main  exit  from  the 
mine,  from  which  it  will  be  operated  until  it  shall  be  found  advisable  to  run 
in  a  lower  one.  Approximately  a  5,000-foot  tunnel  would  cut  the  quartz  por- 
phyry about  1,500  feet  lower  than  the  present  workings. 

The  Mancayan  quartz  porphyry  is  exceedingly  hard,  and  native  labor  very 
slow  in  hand  drilling,  so  with  ample  water  power  at  hand  an  air  compressor 
should  be  erected  and  the  entire  development  done  with  rock-drilling  machines. 
The  pump,  in  the  sinking  shaft,  might  be  best  driven  by  air  from  the  compressor. 

It  will  be  found  cheaper  to  sink  the  incline  and  drive  the  northwest-southeast 
galleries  through  the  diorite  footwall.  This  would  insure  the  entire  ore  body 
being  on  one  side,  would  probably  save  one-third  in  time,  one-half  in  cost  of 
explosives,  and  one-third  in  cost  of  labor  and  air.  The  long  main  tunnel  will 
be  in  diorite  for  most  of  its  length. 

Copper  Queen  Creek  Property. 

It  is  essential  that  an  accurate  topographic  map  be  made  of  this  property, 
covering  an  area  of  about  250  acres. 

The  main  level  tunnels,  northeast  on  the  Anaconda  and  southwest  on  the 
Elizabeth,  should  be  rapidly  advanced  to  find  the  limits  of  the  ore  body.  These 
prospecting  tunnels  are  at  present  too  small  to  permit  of  conveniently  moving 
about  in.  It  will  be  necessary  to  immediately  enlarge  them  to  5  by  7  feet  at 
centers,  between  timbers ;  somewhat  lower  down  the  Copper  Queen  Creek,  about 
600  feet,  a  suitable  tunnel  entrance  will  be  found  to  permit  running  a  tunnel 
approximately  southeast  to  cut  the  vein  beneath  the  present  entrance  of  the 
Elizabeth  tunnel  at  a  depth  of  about  200  feet  lower  vertically.  A  tunnel  of 
about  2,500  feet  would  cut  the  vein  at  a  depth  of  something  like  800  feet. 
When  the  tunnel  has  cut  the  vein,  rise  up  on  it  to  reach  the  present  tunnel 
entrance,  run  northeast  and  southwest  drives  along  the  vein  to  open  it  up  from 
the  level  of  the  long  tunnel  and  intermediate  between  it  and  the  present  main 
level.  The  lowest  level  connected  by  cross-cutting  tunnel  with  the  surface  will 
be  the  main  gallery  of  the  mine,  through  which  ore  will  be  brought  out. 

Copper  Queen  Creek  offers  at  small  cost  some  700  horsepower.  The  sur- 
rounding hillsides  contain  sufficient  timber  for  all  mine  purposes  for  many 
years  to  come.  I  would  suggest  here  the.  installation  of  a  small  compressor 
plant  and  that  all  development  be  pushed  with  some  such  small  machine  as 
the  Murphy  air-hammer  rock  drill.  The  rock  is  not  particularly  hard  to  drill 
and  breaks  easily.  The  c^oss-cuttlng  tunnel  through  the  conglomerate  might 
be  driven  with  an  ordinary  3*-inch  rock-drilling  machine.  It  is  hard.  The  air 
exhaust  will  ventilate  the  mine  until  natural  ventilation  has  been  created  by 
connecting  drifts  and  rises. 

Some  2,200  feet  southwest  of  the  Copper  Queen  Creek  is  a  smaller  creek  which 
should  be  carefully  prospected  for  ore  occurrences,  either  the  continuation  of 
the  Anaconda-Elizabeth  vein  or  another. 

The  Gobossen  workings  should  be  first  carefully  examined — my  time  was  too 
limited  to  permit  of  giving  them  the  close  examination  they  deserved — ^and  then 
a  plan  for  their  development  inaugurated. 

Below  Mancayan  will  be  found  a  natural  smelter  site,  offering  these  induce- 
ments :  It  is  closer  to  the  coast  than  would  be  a  site  in  the  center  of  the  mines 
(if  this  were  not  objectionable  for  other  reasons),  meaning  less  cost  for  the 
transportation  of  incoming  supplies  and  fuel  and  outgoing  copper ;  it  is  at  suffi- 
ciently much  lower  elevation  to  permit  ores  being  sent  by  gravity  from  the 
mines  to  the  smelter ;  it  is  close  to  a  power  site. 

The  initial  plant  will  probably  have  a  capacity  of  250  tons  per  diem  of  green 
ore.  It  is  cheaper  to  start  with  a  small  smelter,  keep  it  nuining,  and  increase 
its  capacity  as  found  advisable,  than  to  start  with  a  large  one  and  have  part 
of  it  idle  for  a  long  time. 

Copper  Queen  Creek  and  Suyoc  ores  may  be  sent  from  the  mines  to  the  Man- 
cayan smelter  by  means  of  an  aerial  tramway,  requiring  power  only  to  start 
it,  the  weight  of  the  full,  downgoing  buckets  will  operate  it. 

During  the  few  early  years  of  development  the  underground  secondary  gal- 
leries will  be  fitted  with  12-pound  rails,  the  main  galleries  with  20-pound 'ones. 
Self-tipping  iron  trucks,  of  not  more  than  10  cubic  feet  capacity,  will  be  used 
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to  transport  the  ore.  Igorot  trammers  at  30  cents  gold  per  shift  may  be  ob- 
tained In  sufficient  quantity  to  operate  them. 

The  reduction  plant  will  be  designed  by  an  experienced  metallurgist  after 
thorough  tests  of  the  various  ores  have  been  made.  Should  future  develop- 
ment demonstrate  the  need  of  a  large  concentrating  plant  it  will  be  similarly 
designed. 

Skilled  labor  will  have  to  be  imported.  The  cost  of  living  here  compares 
favorably  with  that  of  the  western  American  mining  camps,  the  climate  is  an 
Ideally  healthy  one.  Wages  should,  therefore,  for  Europeans,  not  cost  more 
than  20  per  cent  over  the  scale  in  the  Western  United  States.  Japanese,  in 
quantity,  as  engine  drivers,  blacksmiths,  tool  sharpeners,  miners,  madiine  men. 
carpenters,  masons,  etc.,  may  be  procured  at  wages  ranging  from  $1  to  $1.75 
gold  per  shift.  Ilocanos  (Filipinos  from  the  coast)  may  be  procured  In  large 
numbers  as  unskilled  laborers  at  a  wage  of  50  cents  gold  per  shift.  There  will 
hardly  be  much  to  apprehend  here  from  strikes  at  present. 

Abra  Kiver  Placers. 

A  glance  at  the  reference  map  of  northern  Luzon  will  show  a  river  completely 
encircling  the  Mancayan-Suyoc  mineral  area.  This  is  the  Abra  River,  which, 
rising  in  northeastern  Suyoc,  on  the  western  slope  of  Mount  Data,  flows  in  a 
general  southerly  direction  until  past  Its  confluence  with  Copper  Queen  Creek. 
It  describes  a  semicircle  of  about  a  4-mlle  radius ;  then,  keeping  Mancayan  and 
Suyoc  a  few  thousand  feet  to  its  east,  takes  up  its  long  northerly  Journey  to 
the  coast  of  Vigan,  which  it  reaches  after  a  meander  of  about  100  miles. 

Each  of  the  many  rapid-flowing  mountain  streams,  which  cut  the  rich  gold 
veins  of  Suyoc,  finds  its  way  to  the  Abra  River  before  It  has  passed  Suyoc's 
northern  limit  These  are  laden  with  a  freight  of  rock  and  gold,  eroded  from 
all  over  the  district  The  Abra  River,  in  its  Journey  around  Suyoc  and  to  the 
beginning  of  the  Comillas  flat,  where  the  placers  commence,  has  a  fall  of  about 
1  In  25 — too  steep  to  permit  precipitating  its  valuable  load,  which  is  thus  carried 
on,  the  while  being  ground  smaller  and  smaller  and  the  gold  freed. 

At  the  Comillas  Valley  the  gradient  drops  to  1  in  100  and  precipitation  com- 
mences. The  valley  has  a  length  of  some  20,000  odd  feet  by  a  width  of  closely 
3,000  feet.  Here,  with  the  numerous  large  pebbles  and  bowlders,  has  been 
formed  a  natural  sluice  box  from  which  but  little  gold  has  escaped.  Only  in 
the  floods  does  the  rushing  torrent  of  muddy  water  carry  away  the  flner  float- 
ing gold. 

The  placers  extend  in  a  general  north-south  direction  over  a  length  of  some 
4  miles,  the  river  through  them  having  a  meandered  length  of  closely  6  miles. 
The  northern  end  is  within  a  mile  of  Cervantes,  the  capital  of  Lepanto-Bontoc 
Province. 

As  yet  the  placers  have  not  been  thoroughly  prospected.  I  completed  a  topo- 
graphic survey  of  them.  A  study  of  the  accompanying  map  and  sections  taken 
from  it  will  serve  to  give  an  idea  of  the  quantity  of  gravel  and  the  general 
conditions  under  which  It  is  found. 

Some  centuries  ago,  when  the  rainfall  was  probably  twice  the  present  120 
inches  per  annum,  the  Abra  River  flowed  some  2,000  to  4,000  feet  from  the  site 
of  its  present  bed,  its  meandering  forming  the  highest  of  the  benches,  the  largest. 
In  cutting  its  way  to  a  lower  level  and  finding  an  «itirely  new  outlet  to  the  east 
of  the  long  butte  which  once  was  its  eastern  bank,  it  has  formed  several  benches, 
which  show  exposures  of  from  10  to  50  feet  of  gravel.  Undoubtedly  it  has 
built  up  and  partly  torn  down,  thus  concentrating  increased  values  into  some 
of  the  later  and  shallower  benches  close  to  its  pres«it  bed.  Two  crosscutting 
streams  have  thus  also  made,  over  considerable  areas,  richer  shallow  placers. 
In  times  of  flood  many  large  bowlders  were  brought  down  by  the  river  and 
deposited  all  over  the  benches.  These  pebbles,  varying  in  size  from  9  inches  to 
3  feet  in  diameter,  have  made  riffles  that  formed  a  perfect  sluice  box.  Fortu- 
nately the  aggregate  of  the  large  pebbles  is  not  much  more  than  6  per  cent  of 
the  total  gravels,  and  will  therefore  not  appreciably  increase  the  cost  of  working. 

I  estimate  the  total  quantity  of  gravel  to  be  roughly  35,00,000  cubic  yards, 
although  thorough  prospecting  may  prove  double  that  amount  Much  of  this 
will  average  in  the  neighborhood  of  20  cents  gold  per  cubic  yard.  Considerable 
areas  of  the  shallower  benches,  where  the  gravels  have  been  worked  over  and 
over,  will  probably  go  very  much  higher.  I  am  not  in  a  position  to  speak  of 
the  bed-rock  values.   The  bed  rock  itself  is  diorite  and  basalt 


318      APPENDIX  TO  BEPOBT   OP  THE  PHILIPPINE  COMMISSION. 

I  would  advise  the  sinking  of  61  shafts,  as  indicated,  through  the  gravels  to 
bed  rock.  These  will  be  circular  wells  of  about  3-feet  diameter,  protected  at  the 
top  by  a  2-foot  high  stone  wall,  with  ditch  around  It  Every  foot  of  gravel  taken 
from  these  shafts  should  be  sampled  and  fair  portion  of  it  taken  for  panning. 
The  pebbles  measuring  over  6  inches  In  diameter  should  be  placed  aside  that  an 
accurate  Idea  may  be  had  as  to  their  proportion  to  the  total.  This  work,  if 
properly  done,  will  show  within  a  small  margin  the  actual  value  of  the  placers, 
gross  and  net. 

Hydraullcking,  In  the  California  and  New  Zealand  sense,  will  not  be  possible 
here,  owing  to  the  impossibility  of  securing  the  requisite  fall.  It  might  be  found 
practicable  to  elevate  the  gravels  some  60  feet  or  so,  which  would  give  sufficient 
fall  for  sluicing  in  a  2,000-foot  box,  but  would  by  no  means  solve  the  question 
of  tailings  disposal,  excepting  they  could  be  economically  handled  by  means 
of  belt  conveyors. 

Dredging  seems  to  me  the  only  certain  method  of  working  these  placers.  An 
enormous  water  power  Is  Immediately  at  hand,  from  which  electric  power  could 
be  economically  developed  to  work  as  many  dredges  as  might  be  thought  best 
to  put  in.  Surplus  power  could  be  sold  to  the  neighboring  Mancayan  and 
Suyoc  mines,  if  they  advanced  sufficiently  to  require  It.  There  Is  absolutely  no 
fuel  of  any  kind  within  a  reasonable  distance.  Ample  cheap,  unskilled  labor  (50 
cents  gold  per  shift)  may  be  procured  from  the  coast.  The  general  conditions 
are  such  that  the  usual  tropical  cost  Increasers  of  placer  mining  are  not  to  be 
expected.  The  elevation  is  about  1,500  feet  I  should  judge  that  gravel  going  8 
cents  gold  per  cubic  yard  would  pay  a  profit 

.  It  will  be  in  better  taste  to  wait  until  the  placers  have  been  thoroughly  pros- 
pected before  estimating  their  value.  Two  thousand  five  hundred  dollars,  ex- 
clusive of  engineer's  fee,  will  suffice  to  do  the  work  I  have  outlined. 

Transportation. 

The  question  of  next  importance  here,  after  the  presence  of  sufficiently  valu- 
able ore  deposits  has  been  determined,  Is  that  of  reasonably  cheap  transporta- 
tion. We  may  take  the  smelter  site  as  the  center  of  our  calculations,  as  it  is 
the  most  Important  place  for  us  in  this  regard.  This  has  an  elevation  of  ap- 
proximately 3,000  feet  is  about  7  miles  northwest  of  the  most  distant  of  our 
mines,  the  Anaconda  and  Elizabeth  tunnels,  which  have  an  elevation  of  about 
5,000  feet.  Aerial  tramways  must  give  the  only  solution  of  the  problem  of  local 
transportation,  as  there  Is  no  economic  problem  connected  with  their  installation 
other  tlian  securing  the  money  to  pay  for  them.  I  will  not,  under  this  heading, 
give  local  transportation  more  space. 

The  Cantavra  Filipino  Comi)any  and  the  leasers  who  succeeded  Seftor  Santos 
in  the  operation  of  the  Spanish  mines  during  a  period  of  thirty-six  years,  paid 
little  or  no  attention  to  the  question  of  transportation.  They  must  have  real- 
ized immediately,  If  indeed  they  gave  it  thought  at  all,  the  impracticability 
of  shipping  out  ore.  Their  oiieratlons  were  conducted  on  so  small  a  scale  they 
had  no  serious  difficulty  in  procuring  all  the  charcoal  fuel  they  needed  from  the 
surrounding  mountains.  Their  copper  product  was  shipped  out  on  pony  back, 
balancing  the  few  supplies  they  required  sent  in.  Their  ports  were  Candon 
and  Vlgan,  with  which  they  were  connected  by  horse  trails,  via  Cervantes ;  these 
are  still  In  use,  as  also  is  a  newer  one  just  completed  to  Tagudln.  All  the  coast 
towns  are  connected  by  fairly  decent  wagon  roads.  A  narrow  mountain  trail 
through  Suyoc  connects  with  Bagulo,  the  capital  of  Benguet  Province,  from 
whence  there  is  a  good  wagon  road  to  the  railway  at  Dagupan.  Another  some- 
what longer  trail,  via  Cabayan  and  Ambaklau,  makes  the  same  Bagnio  connec- 
tion with  Suyoc. 

At  present  all  supplies  are  brought  into  Lepanto  via  Candon,  on  pony  back, 
at  a  cost  by  contract  of  $40  gold  per  ton.  It  requires  little  study  to  suggest 
that  this  Is  somewhat  expensive  and  prohibitive  for  all  else  than  a  gold  bonzana, 
which,  unfortunately,  I  have  not  yet  found  here. 

It  has  been  suggested  by  engineers  that  a  railroad  might  be  built  over  the 
mountains  to  Bagnio.  I  see  no  reason  to  doubt  this,  but  am  of  the  opinion 
that  it  could  not  be  done  at  a  lower  cost  than  $2,500,000  for  the  grade  alone, 
and  I  can  see  no  traffic  for  it  after  completion.  This  may  therefore  be  elimi- 
nated from  our  calculations.  Others  have  suggested  a  railroad  down  the  Abra 
River  valley  to  Vlgan.  This  would  mean  over  80  miles  of  track  at  an  even 
heavier  first  cost  than  the  Baguio  idea,  witti,  however,  this  in  its  favor:  That 
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there  Is  every  reason  to  believe  the  road  for  60  miles  from  the  coast  would  pay 
handsomely.  I  doubt  its  ever  becoming  an  aid  or  relief  to  the  mining  in- 
dustry of  the  province. 

The  closest  railway  connection  to  be  had  would  be  the  coast  at  Tagudin, 
which  now  has  a  horse  trail  from  Cervantes  on  a  maximum  6  per  cent  grade. 
The  distance  on  an  air  line  from  the  smelter  site  is  about  26  miles.  I  believe 
that  a  railway  having  a  length  of  approximately  35  miles  could  be  constructed 
on  a  maximum  6  per  cent  grade,  with  sharpest  curves— say,  a  100-foot  radius 
fully  equipped — for  about  $1,750,000  gold.  Obviously  the  fixed  charges  on  such 
a  capital  would  be  sufficient  to  prevent  its  construction  for  many  years  to  come, 
certainly  not  for  ten  years  after  the  mines  are  taken  hold  of.  We  may  there- 
fore sorrowfully,  but  none  the  less  certainly,  put  a  railroad  out  of  our  minds. 

I  have  spent  considerable  time  on  the  thought  of  putting  in  an  aerial  tram- 
way from  the  mines  to  the  coast  and  erecting  a  smelter  there.  It  has  its  pros 
and  cons.  The  first  cost  will  be  pretty  much  the  same  or  heavier  than  that 
of  the  relief  I  will  give  as  the  safest.  The  cost  of  operating  the  tramway  will 
be  pretty  much  the  same.  There  is,  however,  always  the  chance  of  a  break- 
down during  the  terrible  typhoon  season,  which  would  lay  up  the  smelter  for 
a  week  every  now  and  then.  Also  I  am  averse  to  building  the  smelter  in  the 
center  of  an  average  temperature  of  80^  F.  Our  skilled  smelter  men  would 
not  last  long,  and  with  unskilled  men  the  costs  would  be  too  high  and  the 
results  too  poor, 

I  believe  that  a  good  wagon  road  can  be  built  from  the  smelter  site  to 
Tagudin,  practically  on  the  same  grade  as  would  the  railroad  I  speak  of  above. 
The  cost  I  estimate  at  $175,000.  In  the  future  it  can  always  be  turned  into  a 
railroad  grade  by  a  little  more  grading  and  attention  to  curvature.  This  I 
propose  using  as  an  automobile  road,  operating  on  it  six  10-ton  automobile 
trucks,  of  heavy  construction,  such  as  are  not  unfrequently  met  with  in  Amer- 
ica. In  my  calculations,  based  on  smelting  250  tons  per  diem  of  sulphide  ores, 
assaying  an  average  of  about  8  per  cent  copper,  I  find  that  three  trucks,  such 
as  I  mention  above,  would  meet  our  requirements  during  six  or  eight  months  in 
the  year.  From  June  15  to  October  15  each  year  it  will  be  found  necessary 
to  run  along  the  coast  from  Tagudin  to  San  Fernando,  from  whence,  on  com- 
pletion of  the  railroad  connecting  it  with  Dagupan,  to  be  completed  within 
two  years,  direct  railroad  communication  can  be  had  with  Manila,  the  island's 
largest  port,  where,  on  completion  of  the  new  port  works,  large  vessels  may  lie 
alongside  dock.  This  will  require  an  additional  three  trucks.  These  trucks 
will  carry  5  tons  of  coke  or  8  tons  of  copper,  and  on  occasion  may  be  made  to 
handle  a  10- ton  load.  They  will  be  of  60  horsepower,  driven  by  a  European 
chauffeur  with  a  native  helper. 

The  government  is  suffering  from  the  effects  of  expecting  the  Malay  to 
work  when  he  does  not  have  to,  resulting  in  postponement  after  postponement 
of  the  land  tax.  The  Malady  does  not  take  any  too  kindly  to  agricultural  work, 
although  when  he  has  to  he  will  do  it.  He  is  a  good  mechanic  and  likes  the 
work.  Consequently  little  or  no  financial  aid  is  to  be  counted  on  from  the  gov- 
ernment. 

It  is  believed  that,  as  it  is  really  a  public  necessity,  it  will  put  the  road 
from  San  Fernando  to  Tagudin  in  first-class  condition.  The  concessionaires 
who  are  to  construct  the  railroad  from  Dagupan  to  San  Fernando  also  have 
a  charter  for  a  road  along  the  coast  to  Laog,  which  will  pass  through  Tagudin. 

An  automobile  service  is  no  longer  an  experiment.  It  is  in  active  operation 
in  many  places.  In  Death  Valley  a  100-ton  automobile  traction  engine  daily 
hauls  20  cars  laden  with  100  tons  of  borax  from  the  desert  to  civilization.  A 
traction  engine  will  hardly  do  here  on  account  of  the  curvature  and  its  long 
trailing  road. 

Conolnsions. 

Mancayan  presents  an  attractive  mining  proposition,  which  should  receive  a 
thorough  examination  to  determine  accurately  its  undoubted  great  value.  After 
a  preliminary  examination  I  estimate  positive  ore  on  dumps  of  100,000  tons, 
value  $2,000,000,  and  in  the  mine  ready  for  stoping  70,000  tons,  value  $2,100,000, 
both  together  having  a  net  value  of  about  $2,125,000  gold.  Beyond  these  con- 
servative estimates  none  are  advisable  until  a  thorough  examination  of  the  mine 
has  been  completed. 

Suyoc  presents  many  promising  prospects  which  warrant  energetic  develop- 
m^t,  backed  by  suffldeoit  capital  to  insure  success. 
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The  Abra  River  placers  should  be  thoroughly  prospected  to  prove  the  quantity 
of  gravel  and  its  value.    The  other  conditions  are  right 

Labor  is  at  hand  in  sufficient  quantity  for  prospecting  and  preliminary 
development  Fifty  miles  away  the  coast  will  supply  all  the  unskilled  labor 
required  to  operate  a  second  Butte. 

Water  power  may  be  developed  in  the  district  up  to  15,000  horsepower. 
Much  more  may  be  harnessed  somewhat  farther  afield. 

The  ores  are  such  as  to  permit  of  partial  pyrite  smelting,  and  the  coke 
required  to  be  brought  in  will  not  equal  the  copper  to  be  sent  out  Large  quan- 
tities of  charcoal  may  be  burned  from  lumber  standing  within  a  radius  of 
a  few  miles. 

The  transportation  problem  is  simply  that  hitherto  nothing  has  warranted 
the  expenditure  of  even  a  moderate  sum  of  money  to  construct  a  wagon  road, 
because  there  would  have  been  nothing  to  ship  over  it  Onco  the  fields  are 
demonstrated  to  warrant  the  small  expenditure  stated  under  '*  Transportation  ** 
twelve  months  will  make  this  no  longer  a  probl^n. 


HININO  nr  BENGXTET. 


(From  Summary  of  Commerce  of  the  Philippine  Islands,  September,  1003,  p.  255.) 
PKOSPECTS  FOK  SUCCESSFTTL  HIKING  IN  BENGUET. 

The  same  authority  has  gathered  some  interesting  facts  concerning  the  min- 
ing possibilities  of  Bengnet 

As  in  the  province  of  Lepanto,  which  joins  the  north  line  of  Benguet,  mining 
by  natives  in  an  ancient  and  archaic  way  has  been  carried  on  for  hundreds  of 
years,  both  alluvial  and  quartz.  Their  efforts  have,  however,  been  almost  ex- 
clusively directed  to  gold  mining,  the  copper  in  the  belt  losing  its  prominence 
in  surface  outcroppings  as  we  go  south  from  Suyoc  on  its  general  strike  through 
the  province.  Apparently  very  little  attempt  was  made  to  develop  mines  in 
this  section  along  intelligent  lines  under  Spanish  times,  but  the  natives  con- 
tinued to  take  out  placer  gold  from  the  beds  of  the  streams  and  to  follow  rich 
stringers  of  gold-bearing  quartz  and  mill  and  smelt  the  concentrates  as  in 
Lepanto.  Evidences  of  their  old  workings  are  found  at  Tabia,  Antamok,  Itogan, 
Batuong,  and  Acupan,  and  from  the  extent  of  these  old  workings  no  doubt  a 
great  deal  of  gold  has  been  taken  from  the  various  veins  and  ledges  of  these 
places.  No  statistics  have  been  kept  as  to  the  output,  but  tradition  has  it  that 
a  very  large  amount  has  been  taken  from  Acupan  and  Batuong  barrios  ever 
since  the  discovery  of  the  country  by  the  Spaniards.  One  old  Igorot  of  Itogan 
claims  that  the  mines  of  Antamok  have  paid  $3,000  Mexican  per  year  since  the 
boyhood  of  his  father.  The  greatest  amount  of  ancient  workings  is  to  be 
found  at  Acupan,  10  miles  southeast  of  Baguio,  and  from  the  amount  of  fairly 
good  free-milling  ore  they  have  passed  by  and  left,  and  the  evidences  of  enor- 
mous work  and  large  settlements,  it  is  fair  to  presume  that  a  very  large 
amount  of  gold  has  been  extracted  in  that  vicinity.  These  old  workings  do 
not  extend  anywhere  below  the  water  level  and  no  doubt  with  deeper  mining 
and  drainage  this  will  prove  an  exceedingly  rich  camp. 

The  geology  of  Benguet  is  quite  similar  to  that  of  Lepanto  with  the  excep- 
tion that  trachyte  does  not  occur  as  in  the  Mancayan  district  of  Lepanto. 
The  mineral  zone  having  its  surface  cropping  a  little  north  of  Mancayan  in 
Lepanto  strikes  southerly  and  runs  the  entire  length  of  Benguet  province  from 
north  to  south  with  varying  evidences  of  strength  and  prominence.  From  the 
north  line  of  the  province  to  Tabla,  a  distance  of  some  50  miles,  the  belt  is 
almost  entirely  covered  with  a  dense  and  heavy  tropical  growth,  and  the 
accretion  of  centuries  of  vegetable  matter  and  detritus  from  the  erosion  of 
cap  rock  of  a  later  formation.  An  occasional  cropping  of  ledges,  however,  is 
found,  especially  at  Lituan,  but  little  exploration  has  so  far  been  made. 

At  Tabla  the  l)elt  l)ecomes  exposed  through  means  of  Immense  slides  caused 
by  erosion  and  disintegration  of  the  dlorlte,  which  seems  almost  entirely  to 
carry  the  ore  deposits,  and  which  formation,  especially  when  impregnated  with 
iron  bisulphides,  weathers  badly  and  is  easily  and  readily  altered  by  slight 
exposure  to  the  elements.  These  exposures  show  strong  mineral  influences, 
and  there  are  many  stringers  or  velnlets  of  gold-bearing  quartz  occurring  and 
usually  running  parallel  to  the  strike  of  the  dlorlte.  These  small  veins  have 
been  extensively  worked  by  the  Igorots  and  are  yet  being  worked  by  them. 
Immediately  to  the  east  of  this  dlorlte  and  contacting  with  it  is  a  belt  of 
chlorite  schist  with  occasional  occurrences  of  diabase.  It  appears  reasonable 
that  good  results  might  be  expected  by  proper  explorations  along  and  near  this 
contact. 

Antamok  lies  on  a  direct  line  south  of  Tabla  some  10  miles.  Here  geological 
conditions  change  somewhat  and  the  vein  and  ledges  become  much  stronger. 
On  certain  claims  in  this  district  a  distinct  contact  of  dlorlte  with  syenite 
occurs,  but  the  ledges  are  lying  on  serpentine  porphyry,  which  lies  between  the 
quartz  and  the  syenite.    The  ledges  are  large,  having  a  mean  thickness  of  12 
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feet  and  are  low  grade.  However,  there  are  segregated  stringers  of  extremely 
rich  gold  ores  running  out  into  the  serpentine  porphyry  which  have  been  un- 
questionably, by  reason  of  secondary  Assuring  and  ore  deposition,  extracted  by 
agencies  of  water  and  hot  gases  from  the  main  ledges  and  the  porphyries, 
which  are  always  great  feeders  to  veins.  The  syenite  occurs  on  the  west  side 
or  the  foot  side  of  the  contact,  while  the  hanging  wall  side  is  composed  of 
quartzose  diorite.  There  are  also  many  veins  in  the  diorite  due  to  subsequent 
Assuring  after  the  cooling  of  the  quartzose  diorite  and  occur  in  most  all 
instances  with  porphyry  and  serpentine  extruded  through  the  later  fractures  or 
Assuring.  These  saprolitlc  veins  or  veinlets  carry  gold  and  some  of  them  are 
extremely  rich.  This  camp  is  only  6  miles  northeast  of  Bagnio,  the  capital, 
and  with  plenty  of  water  at  liand  for  all  power  needed  to  operate  machinery. 

The  stronger  ledges  which  crop  at  Antamok  strike  easterly  by  dipping  at 
about  45''  to  the  north  and  pass  to  the  east  of  Baguio  about  3  miles. 

Gold  creek  runs  at  right  angles  to  the  strike  of  the  belt  and  exposes  many 
of  the  ledges.  No  very  great  amount  of  development  work  has  been  done  on 
this  creek.  On  one  of  the  claims  in  this  district  there  Is  a  small  veinlet  of 
copi)er-gold  ore  running  with  a  very  strong  ledge  some  40  feet  in  width,  carrying 
a  value  of  about  $120  per  ton,  included  in  which  is  a  copper  value  of  18  per 
cent.  Here  the  copper  comes  near  the  surface  again  and  proves  that  In  all 
probability  the  strength  of  the  deeper  ore  deposits  will  be  in  combination  with 
copper.  In  fact  the  capping  of  gosan  and  large  cube  pyrites  of  iron  indicate 
the  probable  ore  bodies  below  to  be  strongly  copper.  As  before  stated,  the  near 
proximity  of  chlorite  and  crystalline  schist  on  the  east  side  of  the  diorite  leads 
to  the  conclusion  that  this  older  formation  is  in  all  probability  responsible  for 
the  ore  depositions,  and  no  doubt  this  formation  is  the  underlying  country  rock. 
In  fact,  it  is  to  be  remarked  that  wherever  considerable  ore  bodies  have  been 
found  in  the  whole  archipelago  this  crystalline  schist  is  found  in  the  region. 

Going  south  from  Gold  Creek  the  belt  becomes  deAected  to  the  east  by  a  core 
of  sachroidal  line  with  large  intrusions  or  diabase  or  green  stone.  This  core 
takes  a  somewhat  southeasterly  zigzag  course  and  forms  the  watershed 
between  Batuong  (Yeek  and  Bued  River.  The  veins  of  the  Batuong  side  are 
numerous  and  large  and  Inclosed  In  diabase  with  strong  intrusions  of  porphyry 
and  porphyritlc  serpentine.  They  strike  east  and  west  and  dip  from  35**  to  45* 
to  the  south.  On  the  Bued  River  side,  a  distance  of  some  3  miles,  the  veins 
and  ledges  also  strike  easterly  and  westerly,  but  with  an  inclination  of  about 
45°  to  the  north.  This  difference  in  the  inclination  of  the  veins  and  contacts 
is  due  to  the  partial  subsidence  of  the  sachroidal  formation  toward  the  south 
end  of  the  Bued  River  ore  zone  and  the  consequent  rising  of  the  middle  point 
of  contact  with  the  crystalline  schist  This  would  seem  to  Indicate  great 
faulting  on  the  Bued  River  side,  but  the  veins  and  contacts  show  great  regu- 
larity along  their  outcrops  and,  when  opened,  regular  and  well-deAned  walls. 
Experience  in  all  countries  show  faulting  and  no  doubt  some  will  be  encountered 
in  this  region.  But  the  Indications  of  faulting  here  are  no  stronger  than  in 
other  mining  regions.  The  character  of  ores  along  Bued  River  is  materially 
different  from  the  other  districts  mentioned.  They  contain  a  greater  number 
of  combined  minerals.  Copper  Is  strongly  in  evidence  and  with  zinc,  antimony, 
bismuth,  and  lead  makes  the  camp  distinctly  a  smelting  one.  The  veins  and 
contacts  are  strong  and  the  ores  all  carry  a  higher  value  in  gold  than  any  of 
the  other  minerals.  The  Pozorubio  and  Baguio  road  runs  directly  across  the 
district,  and  with  splendid  water  power  In  Bued  River  and  timber  in  abundance 
no  doubt  the  district  will  receive  early  attention  from  mining  men. 

Acupan  district  is  situated  to  the  south  and  east  of  Bued  River  and  immedi- 
ately south  of  Batuong  district  and  on  the  east  side  of  the  sachroidal  line. 
Here  are  located  some  8  claims,  the  ores  of  which  are  free-milling.  The  veins 
strike  east  and  west  and  dip  35**  to  south.  They  are  strong,  averaging  from 
2  to  10  feet  in  thickness.  The  ores  run  from  $5  to  $50  per  ton,  and  will  prob- 
ably average  from  $10  to  $14.  Considerable  development  work  is  being  done, 
and  if  ore  bodies  maintain  strength  for  a  reasonable  depth  this  camp  will 
unquestionably  be  the  Arst  to  have  a  stamp  mill  erected.  The  showing  so  far 
made  at  Acupan  certainly  JustiAes  the  belief  that  active  mining  operations  and 
with  good  results  will  very  shortly  commence. 

All  the  districts  m^itioned  above  will  soon  be  easy  of  access  by  reason  of  the 
new  wagon  road  from  Dagupan  to  Baguio  and  the  building  of  an  electric  rail- 
way line  along  the  same  grade.  Physical  conditions  for  successful  mining  are 
good.  Ore  bodies  are  large,  and  while  the  average  is  of  low  grade,  the  values 
are  much  higher  than  the  average  in  America,  Australia,  or  South  Africa,  with 
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facilities,  saving  the  question  of  labor,  the  most  Ideal  in  the  world.  There 
appears  to  be  no  possibility  of  preventing  Benguet  Province  from  becoming  a 
large  producer  of  valuable  minerals. 

There  is  another  heavy  mineralized  district  in  this  province  at  Its  extreme 
southern  boundary,  and  known  as  the  Lebang  district.  It  is  about  25  miles 
south  of  Acupan  on  the  same  mineral  belt,  some  2^  miles  west  of  the  Agno 
River  and  25  miles  by  trail  northwest  of  Binalonan  in  Pangasinan.  There  are 
now  located  some  50  claims  in  the  district. 

The  formation  changes  from  Bued  River  and  Acupan  and  becomes  a  granullty, 
with  porphyry  extruded  through  segregated  fissures  forming  large  dikes.  The 
veins  are  strong  and  have  a  general  trend  from  northeast  to  southwest,  dipping 
at  an  inclination  of  45°  southeast.  The  vein  or  ledge  upon  which  the  most 
development  work  has  been  done  has  a  bold,  distinct  outcrop,  easily  traced  on 
the  surface  for  8,000  feet,  and,  remarkable  to  say,  shows  ore  values  the  entire 
length.  Several  samples  of  ore  taken  from  one  of  these  claims  assayed  $28  per 
ton  In  gold  and  13  per  cent  copper.  These  samples  were  taken  from  the  vein 
at  intersection  of  cross  cut  sunk  to  tap  the  ledge  at  about  100  feet  depth.  The 
ore  from  the  outcrop  gave  a  return  of  $4  gold  per  ton.  Assays  from  the  other 
various  claims  of  the  district  have  not  as  yet  been  made,  but  samplings  for  the 
St.  Louis  Exposition  are  being  made,  and  analyses  will  soon  be  made  at  the 
government  laboratory.  The  veins  at  lowest  exposures  show  an  average  of 
about  3  feet  in  width,  with  well-defined  and  regular  walls.  This  locality  has 
not  been  advertised  to  any  great  extent 

Such  an  extensive  belt  as  this,  extending  from  Mancayan,  In  Lepanto 
Province,  to  Lebang,  at  the  southern  boundary  of  Benguet,  and  showing  out- 
cropping of  large  bodies  of  valuable  ores  for  its  entire  length,  can  not  remain 
without  attracting  mining  skill  and  capital.  Timber  of  good  quality  and 
water  for  power  and  for  all  other  purposes  are  to  be  found  the  full  length  of 
the  belt,  accessibility  being  the  only  drawback,  but  this  can  be  easily  and 
quickly  remedied. 


(From  the  Par  Eastern  Review,  June,  1907 — Illustrated  Philippine  Mining  Edition.) 
THE  BENGUET  CONSOLIDATED  HIKING  COKPANY. 

The  best  showing  in  development  work  and  In  returns  for  capital  invested 
In  the  Benguet  mining  district  up  to  the  present  time  is  that  made  by  the  Ben- 
guet CJonsolidated  Mining  CJompany  operating  on  Antimok  Creek  about  5  miles 
from  Baguio.  A  3-stamp  mill  and  a  60-ton  cyanide  plant  are  in  continuous 
operation  and  another  3-stamp  mill  has  arrived.  In  all,  the  company  has  in- 
vested in  machinery  and  other  equipment  over  $55,000,  and  this  will  be  added 
to  from  time  to  time  as  the  work  expands.  Over  1,000  feet  of  tunneling  has 
been  done  and  a  large  body  of  ore  uncovered. 

The  natural  conditions  at  Antimok  are  most  favorable  to  the  economical  de- 
velopment of  the  Consolidated  properties.  The  ore  is  carried  from  the  side  of 
the  mountains  by  gravitation,  the  mine  drains  itself,  and  the  water  available 
for  power  is  unlimited.  Plenty  of  timber  is  available  and  the  climate  of  the 
Benguet  hills  is  ideal. 

The  result  of  the  operations  of  the  company  is  a  nice  bar  of  gold  every  week, 
and  there  Is  every  Indication  that  this  will  continue  indefinitely  and  increase  in 
volume  as  the  facilities  for  milling  are  extended. 

The  most  pleasing  feature  of  the  progress  made  by  the  Consolidated  is  the 
fact  that  from  the  day  that  the  prospector  put  his  pick  in  the  ground  for  the 
first  time  the  development  has  been  most  wisely  directed.  Practical  mining  men 
have  been  In  charge  and  no  money  was  wasted.  Before  any  mill  was  thought 
of  sufliclent  ore  was  made  available  to  warrant  the  investment  and  every  outlay 
considered  from  a  practical  mining  viewpoint.  The  result  is  a  highly  developed 
property  and  a  great  future  for  the  pioneer  company  that  has  demonstrated 
that  mining  In  Benguet  gives  promise  of  large  returns  for  capital. 

It  has  long  been  known  that  gold  existed  in  considerable  quantities  in  the 
mountain  district  of  Benguet,  but  up  to  the  time  of  American  occupation  opera- 
tions were  confined  to  workings  by  Igorots  on  such  a  small  scale  as  not  worth 
considering  in  the  world's  production.  Their  methods  were  limited  to  the  most 
primitive  and  their  necessities  so  small  that  the  yield  was  insignificant. 

In  the  early  days  of  American  occupation  the  reports  of  good  ore  brought  in 
by  American  prospectors  attracted  attention,  but  resulted  in  but  little  exploita- 
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tion.  The  diflfcultles,  particularly  that  of  transportation,  which  was  thai  only 
possible  over  Igorot  trails  and  which  consumed  over  a  week's  time  in  hard 
travel  from  Manila  to  Bagnio,  practically  eliminated  activity  in  development 
The  completion  of  the  Benguet  road  has  served,  however,  to  obviate  this  dif- 
ficulty to  a  degree,  but  the  transportation  of  supplies  is  still  limited  to  bull  carts 
and  mule  teams  from  Dagupan,  the  present  terminal  of  the  railroad.  The  ex- 
tension of  the  railroad  25  miles  to  Camp  One,  which  is  now  under  way  and  will 
be  completed  next  February,  will  serve  to  simplify  this  problem  wonderfully, 
as  it  will  leave  but  22  miles  for  hauling.  The  prospect  for  a  railroad  through 
to  Baguio  is  very  bright,  and  if  consummated  will  make  the  mining  district  of 
Benguet  as  accessible  as  any  mining  camp  in  the  world. 

The  gold  is  found  entirely  in  quartz  in  the  Antimok  mining  region  and  more 
or  less  free  milling.  No  bonanza  values  have  as  yet  been  discovered,  but  the 
ore  available  is  of  sufficient  value  to  make  the  outlook  for  very  profitable  mining 
sufficiently  bright  to  Justify  further  investment.  To  properly  treat  the  ore  and 
secure  the  greatest  possible  values  from  it,  it  is  necessary  to  install  cyanide 
plants.  The  first  up-to-date  mill  and  cyanide  plant  was  installed  by  the  Benguet 
Consolidated  Mining  Company.  Mr.  M.  A.  Clarke,  who  provided  the  first  grub- 
stake and  sent  a  force  of  prospectors  into  the  Benguet  hills,  is  the  president  of 
this  enterprising  company.  He  has  never  faltered  in  his  faith  in  the  future 
of  the  mining  industry  in  the  Philippines,  and  by  Judicious  investment  and  wise 
direction  it  might  be  said  that  he  is  responsible  for  the  demonstration  that 
gold  mining  in  the  province  of  Benguet  is  a  paying  business  proposition.  He 
took  the  initiative  in  the  organization  of  the  Consolidated  and  financiered  the 
new  company  until  it  was  placed  on  a  self-supporting  basis. 

The  Consolidated  took  over  the  claims  owned  by  Mr.  Clarke  and  those  of 
the  original  prospectors,  Nels  Peterson  and  H.  C.  Clyde,  the  two  latter  being 
the  pioneers  who  blazed  the  trail  through  the  hills  to  the  Antimok  region  and 
are  now  enjoying  well-earned  prosperity.  The  development  work  has  been  con- 
tinuous since  1899,  and  shortly  after  the  organization  of  the  company  the  out- 
look Justified  the  purchase  of  a  modern  stamp  mill  and  the  installation  of  a 
cyanide  plant.  A  3-stamp  and  a  60-ton  cyanide  plant  were  installed  last  year, 
and  in  September  the  mill  began  operations. 

As  the  returns  came  in  and  the  development  work  continued,  sufficient  ore 
was  blocked  out  to  warrant  the  duplication  of  the  plant  This  mill  arrived  in 
Manila  the  other  day  and  is  now  on  its  way  to  the  mountains. 

Many  improvements  have  been  added  from  time  to  time,  it  being  the  purpose 
of  the  company  to  make  the  plant  first  class  in  every  particular.  The  building 
in  which  the  plant  is  Installed  is  of  iron  construction.  All  the  mine  tunneling 
has  been  fitted  with  steel  track  for  the  ore  cars.  At  the  preeent  time  a  superin- 
tendent's house  is  under  construction  and  an  electric-light  plant  is  now  on  the 
way  from  the  United  States. 

While  it  is  a  fact  that  the  venture  necessitated  the  expenditure  of  a  great 
deal  of  money,  it  has  been  fully  demonstrated  that  the  proposition  is  a  sound 
one.  No  stock  Is  on  the  market  and  the  holders  are  quite  satisfied  with  their 
investment. 

The  following  are  the  officers  of  the  company :  President,  Metcalfe  A.  Clarke; 
vice-president  and  treasurer.  Judge  Daniel  R'.  Williams;  secretary,  J.  H.  Sefert; 
directors,  Metcalfe  A.  Clarke,  Judge  D.  R.  Williams,  J.  H.  Sefert,  John  W, 
Haussermann,  Nelson  Peterson,  and  H.  Clay  Clyde.  Clyde  M.  E^e,  E.  M.,  is  the 
superintendent 


THE  KELLY  HIKEKAL  GROUP. 

The  Kelly  group  of  claims  Is  situated  about  5  miles  In  an  easterly  direction 
from  Baguio,  In  the  famous  Antimok  mining  district.  The  group  adjoins  the 
Benguet  Consolidated  and  the  Bua  Mining  Company's  properties  on  the  west. 

The  formation  of  the  district  is  diorite.  In  all  about  1,500  feet  of  develop- 
ment work  can  be  credited  to  this  property,  including  tunneling,  raising,  and 
crosscutting. 

The  lode  has  been  cut  in  half  a  dozen  places,  covering  a  distance  of  more  than 
2,000  feet  The  greatest  depth  obtained  is  about  200  feet.  The  lode  is  about 
io  feet  wide  and  lies  between  two  well-defined  walls.  The  ore  will  average 
about  ^  a  ton,  gold,  while  some  of  U  runs  as  high  as  $150  a  ton,    A  mill  test 
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made  of  this  ore  showed  40  per  cent  free-milling,  the  balance  yielding  very 
readily  to  the  cyanide  process,  giving  a  total  extraction  of  more  than  80  per 
cent 

The  natural  advantages  of  the  location  of  this  group  of  mines  could  not  be 
excelled.  Water  is  plentiful  for  power  and  can  be  harnessed  at  little  expense. 
The  most  suitable  timber  for  mining  purposes  Is  plentiful  and  easily  available 
in  that  vicinity. 

A  careful  investigation  of  the  ground  demonstrates  that  a  depth  of  1,000  feet 
can  be  obtained  by  tunneling  along  the  trend  of  the  vein.  With  a  mill  capacity 
of  50  tons  per  day  the  ore  can  be  mined  and  milled  for  $1.50  a  ton,  and  at  the 
present  time  there  is  enough  ore  in  sight  to  run  such  a  mill  for  a  number  of 
years. 

It  Is  conceded  that  this  group  of  mines,  which  is  owned  by  Mr.  James  Kelly, 
is  one  of  the  most  valuable  in  the  Benguet  region,  and  perhaps  there  Is  no  other 
group  upon  which  a  greater  amount  of  practical  development  work  has  been 
done  with  a  view  to  uncovering  the  hidden  mineral  wealth.  Once  capital  is 
attracted  to  this  region  tlie  development  of  the  Kelly  group  will  not  be  long 
delayed. 


LXniANG  MINING  DISTKICT. 

The  district  known  as  Acupan  Is  south  of  Antamok  and  about  5  miles  south 
of  Baguio;  the  Butuan  district,  about  7  miles  southeast  of  Bagnio,  and  the 
Lubang  district,  on  the  southern  boundary  of  Benguet,  comprise  the  balance 
of  the  real  mining  properties  to  which  reference  has  yet  to  be  made.  In  all 
three  districts  much  has  been  accomplished,  although  lack  of  capital  has  greatly 
hampered  all  the  undertakings.  The  prospectors  have  confined  their  operations 
primarily  to  assessment  work  and  applying  themselves  so  that  the  greatest 
possible  uncovering  of  the  body  of  ore  might  result  without  neglecting  to  con- 
form with  the  exceedingly  stringent  clause  of  the  mining  law  that  requires 
the  full  value  of  assessment  work  to  be  done  on  each  claim  separately.  This 
distribution  of  effort  has  been  most  discouraging.  Only  the  minimum  result 
is  thus  accomplished  where,  had  these  Argonauts  been  able  to  cooperate  and 
direct  all  their  energies  to  the  development  of  one  claim  for  the  benefit  of  all, 
some  substantial  showing  could  now  be  made. 

The  Lubang  claims  are  of  special  interest,  since  they  lie  on  the  south  fringe 
of  the  big  mineral  belt  which,  defined  for  the  purpose  of  this  article,  Includes  an 
area  of  over  400  square  miles  and  includes  the  Benguet  and  Lepanto  districts. 
This  group  of  claims  is  situated  in  the  foothills  near  the  south  end  of  the 
Benguet  road  and  10  miles  from  the  pueblo  of  Binalonan.  The  camp  is  on  the 
Tuboy  River.  The  American  prospector  was  first  induced  to  Inspect  the  terri- 
tory on  account  of  the  indications  of  old  Igorot  workings.  The  first  locators  were 
Messrs.  Horn  and  Lambert,  and  since  1901  development  work  has  been  pro- 
gressing slowly  but  nevertheless  steadily  and  with  satisfactory  results. 

On  the  Anaconda,  Mr.  Horn's  claim,  a  300-foot  tunnel  has  been  made  and  a 
lead  35  feet  wide  of  refractory  ore  developed  which  averages  from  $9  to  $16 
a  ton. 

The  Olympic,  owned  by  Mr.  Lambert,  has  over  400  feet  development  on  a  lead 
16  feet  wide  and  averaging  $14  a  ton. 

The  Never-Sweat  claim  of  the  same  group,  owned  by  Mr.  Hann  and  others, 
has  a  tunnel  200  feet  long  on  a  lead  30  feet  wide.  The  ore  is  very  similar  to 
that  of  the  Anaconda  and  the  Oljrmpic. 

There  is  plenty  of  wood  and  water  at  this  camp,  and  in  fact  it  Is  not  neces- 
sary to  go  outside  any  of  the  prospects  to  secure  all  that  is  necessary  for 
development  work. 

In  connection  with  this  group  it  might  be  said  that,  besides  the  refractory 
ore,  one  of  the  richest  free-milling  specimens  in  the  Philippines  came  from 
one  of  the  claims  of  this  group. 

Among  the  claims  in  addition  to  the  ones  mentioned,  Is  the  Rough  Rider, 
owned  by  L.  O.  Hlbberd,  one  of  the  most  promising  In  the  group.  Messrs. 
Straight  and  Misner,  two  well-known  mining  men  who  have  been  identified 
with  the  development  of  the  resources  of  the  north  region  of  Luzon,  have  also 
located  here  and  are  satisfied  that  they  have  made  no  mistake. 
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THE  BUA  MINING  COKPANT  (LHOTED). 

The  properties  of  this  company  are  situated  in  the  mining  district  of  Anta- 
mok,  province  of  Benguet,  P.  I.,  on  the  great  mineral  belt  which  runs  In  a 
northerly  direction  throughout  the  island  of  Luzon,  but  which  has  not  been 
explored  to  any  extent,  except  In  the  provinces  of  Nueva  Ecija,  Benguet,  and 
Lepanto-Bontoc. 

Systematic  development  work  was  begun  by  the  company  in  February,  1905, 
and  is  still  being  carried  on,  results  up  to  the  present  being  highly  satisfactory. 
Seven  distinct  ledges,  of  a  size  and  value  sufficient  to  warrant  the  erection  of 
milling  plants,  have  been  opened  up,  as  well  as  numerous  others  which  show 
good  indications  but  are  not  sufficiently  developed  at  present  to  Judge  of  their 
value.  The  method  of  development  has  been  by  tunnels  driven  on  the  ledges, 
at  or  as  near  to  the  river  level  as  practicable,  upraises  and  crosscuts  bein^ 
driven  to  prove  the  ledge  and  explore  the  walls,  both  foot  and  hanging,  for 
possible  blind  leads.  The  height  of  the  mountains  above  river  level  giving 
immense  backs  (ore  above  tunnel  level  ready  for  stoking),  the  sinking  of 
expensive  shafts  will  not  be  necessary  for  some  years. 

The  country  rock  on  foot  wall  is  a  diorite  and  on  the  hanging  wall  it  miglit 
well  be  termed  a  felsite. 

All  the  veins  explored  so  far  are  apparently  true  fissures,  having  a  weH- 
defined  gouge  on  both  walls.  The  strike  and  dip  is  the  same  in  each,  the 
strike  going  east  and  west  and  the  dip  south,  but  the  character  of  ore  difTers 
greatly,  though  the  veins  are  parallel.  The  ledges  deserving  especial  mention 
are"Buckhom,"  "Sunrise,"  "Dorothy,"  "Gomok  Foot  Wall,"  "Gomok  Hanging 
Wall,"  "  Ultimo,"  and  "  Crown  Point." 

On  the  Buckhom  1,000  feet  of  development  has  been  done,  and  there  is  ap- 
proximately 10,000  tons  of  ore  In  sight  of  a  value  of  $8  per  ton  by  fire  assay. 

Sunrise,  218  feet  of  development.  Approximate  quantity  of  ore  in  sight, 
3,000  tons;  assay  value,  $6.18  per  ton. 

Dorothy,  140  feet  of  development.  Vein  10  inches  wide;  assay  value,  $103 
per  ton. 

Gomok,  total  development  on  hanging  and  foot-wall  ledges  1,100  feet.  Ore 
developed  in  foot-wall  ledge,  9,000  tons,  approximately;  average  assay  value, 
$8.24  per  ton.  Ore  developed  In  hanging-wall  ledge  approximately  40,000  tons ; 
assay  value,  $5.03  per  ton.  This  ledge  is  14  feet  in  width,  and  is  a  calcite  or 
calcspar,  which  a  slight  i)ercentage  of  carbonate  of  manganese  has  given  a 
beautiful  pink  tint. 

Ultimo,  ore  in  sight,  approximately  2,400  tons;  assay  value,  $18.54  per  ton. 
This  vein  is  remarkable  in  that  it  carries  a  large  i)er  cent  (34)  of  dioxide  of 
manganese,  in  which  a  considerable  part  of  the  gold  value  of  the  ledge  is  con- 
tained in  a  free  state. 

Crown  Point  This  ledge  is  6  feet  in  width  and  assays  $10  per  ton,  but 
quantity  of  ore  In  sight  has  not  been  proved. 

The  side  lines  of  these  claims  adjoin,  bringing  the  seven  ledges  within  a  cross 
section  of  li  miles,  thereby  materially  lessening  the  cost  of  extraction  of  the 
ores. 

In  addition  to  the  claims  mentioned,  a  considerable  amount  of  development 
has  been  done  on  the  other  claims  owned  by  the  company,  which  will  bring  the 
total  development  up  to  nearly  8,000  feet. 

About  75  per  cent  of  the  values  contained  in  the  ores  can  be  extracted  by 
amalgamation,  and  the  remainder  by  the  McArthur  Forrest  cyanide  process. 
A  milling  and  cyanidlng  plant  of  50  tons  per  day  capacity  is  now  being  Installed 
for  treatment  of  the  ores,  the  mill  being  driven  by  water  power  obtained  from 
the  Antamok  River.  The  ore  from  the  claims  at  greatest  distance  from  the  mill 
will  be  transported  thereto  by  aerial  tramways  actuated  by  gravity. 

The  Bua  Mining  Company's  group  of  mining  claims  makes  one  of  the  most 
promising  mining  properties  In  Benguet.  In  all  there  are  32  claims,  with  7 
well-defined  pay  ledges,  the  ore  running  all  the  way  from  $5  to  $25  a  ton.  The 
development  work  has  been  under  the  supervision  of  experienced  mining  men 
and  over  5,000  feet  of  underground  tunneling  has  been  accomplished.  The 
longest  drift  is  about  400  feet. 

In  two  instances  shafts  have  been  sunk  below  the  main  level  and  extend 
below  the  creek  level.  The  ore  In  these  shafts  showed  an  improvement  in  the 
quality  of  the  ore  as  compared  to  the  main  body  in  the  backs,  which  contain  an 
Immense  volume,  and  extends  back  for  over  900  feett    The  presence  of  water 
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interfered  with  the^work  below  the  levels  and  the  development  was  confined  to 
the  main  body  of  ore  more  easily  exposed. 

The  Bua  Mining  Company  has  secured  control  of  this  property  and  is  mak- 
ing extensive  preparations  for  developing  the  property.  Two  three-stamp  Hendy 
mills  and  a  cyanide  plant  have  arrived  from  the  United  States  and  will  be 
immediately  installed.  There  is  abundance  of  water  power  in  Antamok  Creek 
to  run  100  stamps,  and  plenty  of  suitable  timber,  so  that  the  company  begins 
active  operations  under  the  most  favorable  auspices. 

The  directors  of  the  company  are :  T.  Colston  Kinney,  president ;  Richard  T. 
Lafiin,  vice-president  and  general  manager  of  the  Manila  Electric  Light  and 
Power  Company;  and  H.  P.  Whitmarsh,  mining  director  and  manager  of  the 
Benguet  Commercial  Company,  Bagnio,  Benguet. 


THE  HAKTWELL  CLAIMS. 

Among  the  first  claims  located  in  the  Benguet  country  were  the  so-called 
"  Hartwell  Claims  "  on  Kins  Hill,  about  12  miles  south  of  the  pueblo  of  Bagnio. 

The  locator.  Jack  Hartwell,  was  one  of  the  most  reliable  men  that  ever  came 
to  the  Philippine  Islands,  and  his  untimely  death,  about  two  years  ago,  was 
felt  by  all  the  miners  in  the  islands,  who  appreciated  him  for  his  honesty, 
ability,  and  sterling  worth.  He  had  had  much  experience  both  in  America  and 
South  Africa,  but  had  to  leave  the  latter  country  on  account  of  his  health. 

The  claims  located  by  him  were  six  in  number,  running  from  the  Butuan 
Creek  in  a  northerly  direction  for  about  a  mile.  They  are  known  as  the  "  Pros- 
pector," "  Hope,'*  **  School-ma'am,"  "  Butte,"  "  Montana,"  and  "  Color  Sergeant," 
and  give  evidence  of  being  among  the  most  valuable  claims  in  the  islands. 

The  "  Hope  "  claim  is  in  its  nature  more  or  less  of  a  placer  claim  and  con- 
sists evidently  of  a  hilltop  which  has  toppled  over  where  the  plane  is  located. 
It  forms  a  bank  of  from  15  to  30  feet  in  thickness,  and  assays  throughout  at 
from  $10  to  $20  gold  a  ton. 

The  other  claims  are  located  on  the  ledges  which  run  through  that  part  of 
the  country,  and  all  show  very  high  assays. 

Hartwell,  who  was  a  very  conservative  man,  spent  the  greater  part  of  his 
time  searching  for  the  ledge  from  which  the  toppled-over  hill  had  come.  One 
day  he  notified  the  parties  interested  with  him  that  he  believed  he  had  located 
It.  Immediately  afterwards  word  that  he  was  down  with  the  smallpox  reached 
Manila,  and  before  his  partners  could  get  any  communication  from  him  he  died. 
He  had  caught  the  smallpox  while  making  a  visit  about  60  miles  east  of  his 
mines  to  give  an  opinion  on  the  worth  of  some  claims  there  situated.  With  his 
death  a  great  part  of  the  work  on  the  mines  was  stopped,  but  sufficient  has  been 
done  to  warrant  the  patenting  of  the  same,  and  the  mines  are  now  surveyed  by 
the  mineral  surveyor,  and  patents  for  the  same  are  about  to  be  issued  from  the 
bureau  of  lands. 

The  proposition  is  a  free-milling  and  cyaniding  one,  about  half  the  gold  being 
extractable  by  amalgamation. 

Three  more  claims,  covering  a  water-power  site,  have  been  located,  and  some 
60  horsepower  of  water  will  be  available  throughout  the  entire  year. 

The  claims  are  now  owned  by  Dr.  J.  R.  McDiU,  Ma  J.  Thomas  L.  Hartigan, 
Capt.  Charles  H.  Marple,  and  the  estate  of  John  Hartwell,  and  it  is  the  inten- 
tion, on  the  return  of  Doctor  McDill  from  America,  to  install  a  complete  plant 
and  develop  and  work  the  mines  to  their  full  capacity. 


THE  COPPER  KINO  MINING  GROUP. 

The  Copper  King  group  of  mines  comprises  the  most  Important  part  of  the 
district  known  as  the  Bassa,  which  lies  about  6  miles  south  of  Bagnio  and  in 
the  immediate  vicinity  of  the  Benguet  road.  In  point  of  transportation  facili- 
ties this  group  has  an  advantage  over  all  others  In  the  Benguet  mining  belt. 
With  the  construction  of  the  proposed  railroad  to  Camp  One  it  will  be  an  easy 
matter  to  bring  in  supplies  and  get  the  ore  to  the  port  of  Dagupan  or  San  Fer- 
nando de  Union. 

As  a  whole,  this  group  of  claims  is  featured  by  peculiar  mixtures  of  ledges, 
some  of  which  are  free  mUling  and  many  containing  high-grade  refractory  ore 
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lowing  gold,  copper,  lead,  and  zinc.  On  the  most  important  claim  developed, 
the  CJopper  King,  more  than  1,000  feet  of  underground  work  has  been  done  and 
a  three-stamp  mill  has  been  operating  for  some  time.  This  mill  is  the  property 
of  W.  Hanson  and  is  equipped  with  a  simple  stamping  outfit  Six  dollars  is 
realized  a  ton  as  the  ore  goes  over  the  plates,  and,  in  addition  to  this,  rich 
concentrates  have  accumulated. 

This  district  contains  about  20  developed  or  partially  developed  claims,  all 
of  which  have  been  bonded  to  a  company  in  the  United  States. 

While,  as  has  been  said  before,  the  main  bodies  of  ore  running  through  the 
group  seem  largely  of  a  refractory  nature,  one  ledge  is  a  marked  exception. 
This  ledge  is  found  in  the  Philip  claim  and  averages  a  width  of  about  8  feet 
throughout  the  length  of  the  claim.  The  ore  is  composed  of  calcite  and  manga- 
nese and  averages  about  $8  a  ton,  free  milling. 

Another  ledge  in  the  group,  known  as  the  mother  lode,  Is  over  30  feet  in  width 
and  assays  over  $30  a  ton.  Many  other  smaller  ledges  of  refractory  ore  are 
reported  to  run  over  $100  a  ton. 


THE  CAXOTE  CLAIK. 

This  claim,  which  is  situated  farther  down  the  Antlmok  Creek  from  the  CJon- 
solidated  property,  is  controlled  by  Nels  Peterson,  one  of  the  oldest  mining  men 
in  the  Bengtiet  mining  region.  C.  Clyde  is  also  interested  in  this  property. 
Much  development  work  has  been  done  and  a  three-stamp  mill  has  been  In 
successful  operation  for  some  time,  with  the  result  that  a  goodly  sized  brick  of 
gold  is  sent  out  from  this  property  every  month.  There  is  plenty  of  pay  ore 
on  the  dump,  and  the  property  at  its  present  stage  of  development  warrants  an 
increased  milling  plant  besides  a  cyanide  outfit.  At  the  present  time  the 
improvements  are  limited  and  do  not  include  cyanide  equipment  and  as  a  result 
much  of  the  gold  product  is  lost  Even  with  the  limited  outfit  a  white  foreman 
and  a  few  natives  take  out  from  $25  to  $40  a  day,  while  the  balance  goes  down 


THE  SUNSET  OROUP. 

Lying  above  the  Benguet  ron»olidate<l  Mining  Company's  claims  In  the  Antl- 
mok district  are  two  valuable  mines  that  promise  returns  equal  to  that  of  the 
more  developed  properties.  These  claims  are  known  as  the  Sunset  and  Murphy 
and  are  owned  by  Charles  M.  Jenkins,  Judge  W.  A.  Kincaid,  and  W.  McElroy. 
Mr.  McElroy  was  the  original  locator,  and  while  a  minimum  amount  of  develop- 
ment work  has  been  done,  seven  leads  that  give  promise  of  a  large  volume  of  ore 
have  been  discovered.  The  several  claims  are  marked  by  the  workings  of 
Igorots  and  much  gold  is  reported  to  have  been  taken  out  by  the  native  miners 
by  their  crude  methods.  It  is  the  purpose  of  the  present  owners  to  expend 
a  large  sum  for  development  the  present  season. 


(From  the  Far  Eastern  Review,  October,  1908,  p.  162.) 

THE  BENOUET  CONSOLIDATED  HUONG  COKPANY. 

The  Benguet  Consolidated  Mining  Company,  the  pioneer  organization  in  the 
promising  gold  mining  district  of  Benguet,  is  now  operating  two  mills,  with  a 
capacity  each  of  three  stamps,  with  returns  most  satisfactory  to  the  share- 
holders who  have  from  the  beginning  of  oi)erations  reinvested  the  net  receipts 
in  developing  the  property  and  increasing  the  capacity  of  the  plant.  The  latest 
report  from  the  mines  controlled  by  this  organization  shows  a  monthly  output 
of  about  350  ounces,  valued  at  P12,600.  The  monthly  expense,  exclusive  of 
development,  averages  about  ?^,000.  The  net  returns  make  a  handsome  profit 
on  an  investment,  in  all  to  date,  of  P^2,791.  Out  of  the  net  receipts,  however, 
an  average  monthly  expenditure  in  increasing  the  capacity  of  the  plant  of 
about  W,000  has  been  the  policy  of  the  company.  About  900  tons  of  rock  are 
milled  monthly,  averaging  abut  n4  a  ton  in  gold  saved. 
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In  addition  to  the  stamp  mills,  the  company  has  a  cyanide  plant  with  a 
capacity  of  60  tons,  and  this  equipment  has  been  brought  to  a  high  state  of 
efficiency.  An  agitating  plant  was  recently  added,  and  concentrators  and  a 
filtering  system,  used  successfully  in  Australia,  are  now  being  installed.  These 
additions  will  make  the  cyanide  plant  most  effective  in  securing  the  greatest 
possible  returns  from  the  slimes.  The  cyanide  plant  capacity  is  also  being 
increased  by  50  per  cent. 

The  plant  is  situated  on  the  Minnesota  claim,  the  principal  one  of  the  group 
of  eleven  rich  claims  controlled  by  the  company.  The  ore  is  carried  to  the  mill 
by  means  of  a  gravity  tramway  70  feet  in  length  and  from  it  the  ore  is  dumped 
into  the  mill.  The  plant  is  oi)erated  by  water  power,  in  connection  with  which 
a  new  steel  flume  1  mile  long  and  18  inches  in  diameter  was  recently  installed 
to  carry  the  water  to  the  mill.  Sui)erlntendent  B3ye,  in  his  last  report,  stated 
that  there  were  $375,000  gold  worth  of  ore  blocked  out  and  the  tunneling  con- 
cluded exceeds  5,000  feet.  The  company  is  now  constructing  a  drain  tunnel 
on  the  lower  level  which  will  also  serve  as  a  means  of  egress  for  the  ore  sunk 
underneath  the  creek.  The  principal  work  has  been  done  on  the  Minnesota 
claim  and  includes  the  main  tunnel  on  the  upper  level  winzes  to  the  lower 
level  and  crosscuts  drifting  parallel  with  the  main  tunnel.  Three  sides  have 
been  blocked,  but  the  work  below  the  winzes  had  to  be  stopped  on  account  of 
the  rainy  season. 

The  installation  of  the  plant  is  of  a  permanent  character.  It  is  all  under 
iron  and  built  with  a  view  to  withstanding  the  serious  storms  in  that  vicinity. 
The  recent  typhoon,  which  did  so  much  damage  in  that  section,  made  no 
Impression  beyond  blowing  off  a  couple  of  exposed  belts. 

The  officers  of  the  company  are:  President,  M.  A.  Clarke;  vice-president, 
H.  C.  Clyde;  secretary  and  treasurer,  J.  H.  Selfert;  directors,  M.  A.  Clarke, 
W.  L.  Blackett,  H.  C.  Clyde,  J.  H.  Seifert,  N.  Peterson,  J.  W.  Haussermann,  and 
Fred  C.  Fisher. 


(From  the  Philippine  Journal  of  Science — A.  General  Science — VoL  II,  No.  4,  August, 

1907,  p.  207.) 
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Introductory. 

Benguet  and  some  portions  of  adjacent  northern  Luzon  have  been  visited 
and  explored  by  numerous  scientists  and  travelers,  and  in  addition  to  the 
interest  which  the  region  and  its  inhabitants  have  aroused,  the  undoubted 
occurrence  of  gold,  api)arently  in  considerable  quantity  throughout  the  region, 
has  increased  the  desire  for  more  knowledge  of  this  part  of  the  Philippine 
Islands. 

Almost  since  the  day  when  Spain  released  the  islands  to  the  United  States, 
prospecting  and  development  of  the  mineral  resources  of  the  country  have  gone 
on  and  confidence  In  their  value  has  steadily  increased.  With  that  confidence, 
active  operations  have  gradually  exi)anded,  and  at  this  date,  the  mineral  wealth 
of  the  Philippines  seems  to  be  assured.  The  Benguet  district  in  particular 
may  be  ranked  as  one  of  the  most  promising  of  the  islands. 

The  Investigation  of  which  this  report  Is  the  result,  was  begun  by  me  In 
April,  1905,  and  attention  was  first  turned  to  a  topographic  map  of  as  much 
territory  as  seemed  to  be  under  immediate  development.  Mapping  was  carried 
on  over  the  area  covered  by  mineral  claims,  and  this  ground  was  extended 
also  to  take  in  that  area  in  which  the  study  of  the  geologic  and  related  prob- 
lems would  seem  to  have  a  bearing  on  the  purely  economic  questions  involved. 
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With  the  assistance  of  one  American  and  occasionally  a  few  Igorots,  the  map 
work  was  completed  by  the  beginning  of  the  rainy  season  in  June.  The  area 
embraces  al)out  100  square  miles  including,  in  addition  to  the  work  of  the 
writer,  a  survey  of  the  Bued  River  Canyon,  made  by  Ma  J.  L.  W.  V.  Kennon, 
U.  S.  Army,  when  he  was  in  charge  of  the  construction  of  the  Benguet 
road;  and  a  topographic  survey  of  the  immediate  vicinity  of  Baguio  by  Mr. 
G.  H.  Ouerdrum,  assistant  engineer  of  the  bureau  of  public  works,  in  charge 
of  Baguio  surveys. 

Stadia  work  with  a  transit  based  on  a  system  of  triangulation  of  the  most 
prominent  points  and  checked  by  traverses  and  rapid  reconnoissance  methods, 
such  as  were  consistent  with  the  accuracy  required,  were  employed  to  accom- 
plish the  work  in  as  short  a  time  as  possible.  The  map,  which  is  published 
with  the  report,  includes  the  region  between  Mount  Santo  Tom&s  on  the  west 
and  the  limit  of  mining  or  prospecting  operations  on  the  east ;  from  near  Trini- 
dad on  the  north  to  a  little  south  of  Kias  or  "  Camp  Four "  of  the  Benguet 
road  on  the  south.  In  November,  1905,  the  field  work  was  resumed,  and  the 
investigation  of  the  geology  and  mines  taken  up  during  a  field  season  of  four 
months. 

The  latter  work,  which  I  carried  out  alone,  only  using  native  labor  in  trans- 
porting specimens,  etc.,  was  undertaken  first  with  headquarters  at  Baguio, 
from  which  point  at  least  the  more  elevated  portions  of  the  area  could  be 
reached  by  aid  of  a  horse.  A  general  geologic  reconnoissance  of  the  district 
extending  beyond  the  mapped  area,  in  order  fully  to  grasp  certain  broader 
problems  was  followed  by  a  more  detailed  study  of  the  geologic  relations  of 
the  smaller  area.  The  perhaps  extraordinary  occurrence  and  sequence  of 
geologic  phenomena  in  so  limited  an  area  made  this  portion  of  the  work  ex- 
tremely interesting,  and,  needless  to  add,  correspondingly  difficult 

Within  a  comparatively  limited  field,  the  study  of  recent  vulcanism  reveals 
lava  flows  of  different  ages,  igneous  intrusions  of  notable  extent,  and  the  still 
active  evidence  of  numerous  hot  springs;  ore  deposits  are  encountered  of 
undoubted  value  and  extent,  varying  in  type  from  free  milling  gold  ores  to 
"basic"  gold-bearing  sulphides  of  copper,  lead,  zinc,  and  iron;  sedimentary 
beds  with  a  rich  fauna  can  be  seen,  the  study  of  which  may  be  vitally 
important  to  broader  questions  of  the  former  extent  of  the  Philippine  Islands, 
or  rather  their  connection  with  continental  areas;  rarely  can  such  a  combina- 
tion be  found,  both  as  to  the  interest  to  the  scientist  and  the  value  of  knowledge 
to  be  gained  from  an  economic  standpoint. 

With  the  information  acquired  by  me,  the  way  was  clear  to  a  closer  study 
of  smaller  areas  from  a  purely  economic  basis.  It  was  possible,  by  camping  at 
the  different  places  where  prospecting  and  mining  operations  were  going  on, 
thoroughly  to  examine  every  opening  of  importance.  Ores  and  veins  were 
inspected,  faults  measured — in  short,  all  that  was  necessary  was  done  to 
attain  the  total  of  information,  so  far  as  it  might  be  derived  from  the  present 
stage  of  the  district  in  mine  development.  Numerous  samplings  and  assays 
aided  in  the  work,  and  in  addition  some  underground  surveys  were  made  where 
vein  structure  or  dislocation  made  it  advisable.  ^ 

In  the  field,  excepting  in  rare  instances,  every  assistance  and  cooperation 
was  met  with.  The  natives,  miners,  and  others  with  whom  it  was  necessary 
and  desirable  to  come  in  contact  made  smooth  many  rough  paths,  and  this 
brief  acknowledgment  of  those  courtesies  and  aids  may  be  taken  as  but  a 
fraction  of  the  appreciation  of  the  writer. 

It  is  a  pleasure  to  record  the  aid  of  my  colleague,  Mr.  W.  D.  Smith,  in 
determining  and  classifying  the  fossil  remains  of  this  region  while  I  was  study- 
ing and  working  on  field  material  during  the  preparation  of  this  report,  and 
in  that  connection  no  little  cooperation  was  rendered  by  him  in  aiding  me 
to  an  understanding  of  the  paleontology  and  the  petrography  of  the  region ;  this 
will  be  spoken  of  later.  I  also  desire  to  express  my  appreciation  of  three 
weeks'  assistance  in  the  field  given  me  by  Mr.  Smith. 

Geography. 

POSITION. 

As  has  already  been  stated,  the  area  mapped  and  discussed  in  this  report 
embraces  about  100  square  miles,  of  which  Baguio,  although  near  the  northern 
boundary  of  the  area,  is  the  logical  center.  From  Baguio  radiate  such  roads 
as  the  region  possesses,  and,  like  any  other,  the  development  of  transportation 
precedes  or  parallels  development  along  all  other  lines. 
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Bagnio  is  the  seat  of  governm«it  of  the  entire  province  of  Bengnet ;  its  loca- 
tion is  given  in  the  Gazetteer  of  the  Philippine  Islands  for  1902  as  apiNx>ximatelj 
in  longitude  120*  38'  50"  E.  and  in  latitude  16*  82'  N.  Later  observations 
give  exact  figures  as  latitude  16°  24'  27.14"  N.  and  longitude  120*  36'  6.9"  E.. 
making  the  site  of  Bagnio  somewhat  less  than  150  miles  almost  due  north  of 
Manila. 

TRANSPORTATION. 

Bagnio  is  reached  from  Manila  from  both  the  south  and  the  west,  as  will 
be  seen  by  reference  to  the  map  showing  transportation  routes  of  the  region. 
At  present,  Dagupan  is  the  "  farthest  north  "  as  far  as  rail  transportation  from 
Manila  is  concerned,  but  preliminary  work  is  well  advanced  for  the  continua- 
tion of  the  railroad  through  to  Camp  One  on  the  B^guet  road.  The  western 
coast  of  Luzon  is  also  marked  by  a  railroad  route,  and  a  few  years  more  will 
see  it  iu  operation.  From  the  western  coast  and  the  foothills  at  Camp  One,  a 
horse  trail  and  an  automobile  road,  respectively,  terminate  at  Bagnio.  The 
mineral  region  lies  to  the  east  of  the  Baiguet  road,  and  that  region  will  be 
spoken  of  in  this  report  from  now  on  as  the  "Baguio  district."  Prospecting 
or  mining  has  been  done  to  a  more  limited  extent  outside  of  this  area,  and 
so  little  definite  information  has  been  gathered  that  for  all  purposes  "  Benguet," 
as  the  miner  speaks  of  it,  is  translated  into  the  plateau  region  extending  east- 
erly from  the  eastern  slope  of  Mount  Santo  Tom&s  and  lying  partly  on  the 
elevated  plateau  or  ridge  which  is  a  portion  of  a  northwest-southeast  range  of 
considerable  extent,  and  for  the  remainder  and  greater  part  including  the 
headwaters  of  those  rivers  which  have  cut  laterally  and  transversely  into  the 
main  mountain  mass. 

In  this  region  transportation  is  generally  by  trail.  On  the  upper  and  more 
level  portion  of  the  area,  and  especially  In  the  vicinity  of  Bagnio,  considerable 
road  work  has  been  done.  Between  La  Trinidad  and  Baguio  a  good  wagon 
road  has  been  constructed,  the  southern  continuation  of  which  has  been  carried 
to  Loacan  and  the  Copper  King  mine.  A  wagon  road  has  been  built  to  Bua 
from  Baguio,  over  which  the  Benguet  Consolidated  Mining  Company  hauled 
the  mill  recently  installed.  In  the  region  set  apart  for  a  summer  colony  near 
Baguio  numerous  drives  have  been  laid  out 

Well-graded  horse  trails  have  been  constructed  from  Klas  to  Baguio,  aroimd 
the  east  flank  of  Klas  Ridge,  and  from  Bua  to  Itogon.  There  is  some  form  of 
trail  between  all  the  pueblos  and  barrios  of  the  district,  and  the  pres«it  gov- 
ernor of  the  province  is  carrying  on  excellent  work  In  the  construction  of  new 
and  the  repair  of  old  lines  of  communication. 

Freight  for  Baguio  can  be  handled  via  steamer  to  San  Fernando,  on  the  west 
coast  of  Luzon,  and  thence  to  Baguio  over  part  of  the  distance  (to  Naguillftn) 
by  road  and  the  remainder  by  pack  train,  a  total  distance  of  about  25  miles 
from  the  coast;  or,  as  at  present,  via  rail  to  Dagupan  and  from  Dagupan  to 
Baguio  over  the  Benguet  road.  The  distance  from  Dagupan  to  Baguio  via  the 
Benguet  road  is  53.54  miles,  of  which  the  distance  to  Camp  One  is  26.2  miles 
over  fiat  grass  country.  The  construction  from  Camp  One  on  is  that  which 
has  attracted  considerable  attention,  principally  because  of  Its  high  cost — 
$75,000  per  mile,  or  a  total  of  about  $2,500,000  to  the  date  of  nominal  completion. 

The  first  survey  of  this  road  was  made  late  In  1900  and  an  estimate  of 
$75,000  for  cost  of  construction  given.  Various  causes  contributed  to  the 
delay  in  completion  and  the  Increased  cost,  and  it  was  not  until  January,  1905, 
that  it  was  possible  to  make  the  through  trip  on  wheels.  As  many  as  2,500 
laborers  of  almost  every  nationality  were  employed  at  one  time  on  the  con- 
struction work,  native  Filipino  labor  being  extensively  used.  An  elevation 
from  sea  level  at  Dagupan,  and  a  slight  elevation  at  Camp  One,  to  4,800  feet 
at  Baguio  Is  gained  In  Its  50  miles  of  length  with  an  actual  maximum  grade 
of  10  per  cent.  Whatever  the  cost  (and  although  maintenance  costs  will  be 
hea\T)  the  road  supports  traflic  and  furnishes  the  only  real  highway  to  the 
Baguio  district 

The  route  from  Baguio  to  San  Fernando  is  perfectly  feasible  for  cheap  wagon- 
road  construction,  and  when  the  coast  railroad  is  completed  to  the  latter  point 
the  coast  route  may  seriously  compete  with  the  Benguet  road  either  by  wagon 
or  railroad  extension.  Present  freight  rates  from  Manila  to  Baguio  are  as 
below : 

Manila  to  Dagupan,  rail,  41  cents  (Philippine  currency)  per  100  pounds. 

Dagupan  to  Baguio,  wagon,  3i  cents  (Philippine  currency)  per  pound. 

Manila  to  San  Fernando,  steamer,  M  per  ton  of  40  cubic  feet 
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San  Fernando  to  Bagnio,  packing,  estimated  M  per  100  ponnda 
The  cheaper  route  is,  therefore,  via  Dagupan,  and  of  course  it  !«  quicker. 
Passengers  can  go  through  in  twelve  hours  froin  Manila  via  rail  and  automobile. 
The  railroad  to  Camp  One  will  cut  time  and  prices,  and  beyond  occasional 
washouts,  etc.,  which  are  to  be  expected,  the  Baguio  district  will  at  the  close 
of  1907  have  a  reliable  and  rapid  method  of  communication  with  Manila. 

From  Baguio  the  transportation  problem  is  one  of  small  magnitude.  The 
Ck>pper  King  region  is  reached  by  an  almost  level  wagon  road  which  needs 
little  expense  for  maintenance.  Bua  is  reached  by  a  wagon  road  of  a  maximum 
grade  of  6  per  cent,  and  trails  and  roads  to  the  Antamok  and  Gold  Creek  region 
are  easy  and  cheap  of  construction  and  maintenance  if  properly  located  and 
built  in  the  beginning.  Wagon  transportation  is  perfectly  feasible  to  any  part 
of  the  mineral  district.  Repairs  will  not  be  excessive,  provided  proper  ditching 
is  doue  and  culvert  work  is  constructed  and  the  torrential  rains  of  the  summer 
are  taken  into  account;  and  such  small  bridge  work  as  is  necessary  can  be 
done  cheaply  with  the  abundant  standing  timber  and  cheap  native  lai>or. 


The  climate  of  this  region  has  been  much  discussed  because  of  the  proposed 
use  of  Baguio  as  a  summer  capital  and  as  a  convalescing  station  for  the 
United  States  Army,  Navy,  and  the  civil-government  employees  of  the  Philippine 
Islands.  Briefly  summarized  from  various  reports  of  the  Weather  Bureau, 
the  following  may  be  stated: 

The  temperature,  taken  at  Baguio  and  representative  of  all  the  Baguio 
plateau,  is  on  the  average  consistently  lower  than  that  registered  at  Manila 
by  7**  C.,  the  difference  ranging  between  7**  and  9**  C.  throughout  the  year,  as 
is  shown  by  the  following  table,  which  is  a  plot  of  the  temperature  variations 
at  Baguio  and  Manila,  recorded  during  1900  and  1901. 

The  daily  variation  ranges  from  2.4  C.  to  8.7**  C,  the  changes  being  quite 
in  inverse  proportion  to  the  rainfall  and  increased  cloudiness. 

Variation  of  the  temperature  at  Baguio  and  Manila  for  the  years  1900  to  1001, 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

S^t. 

Oct 

Nov. 

Dee. 

Manila 

26.26 
17.4ft 

26.16 
16.8 

'-a 

26.7 
19.36 

28.4 
21.35 

29 
20.16 

28.3 
19.5 

27.6 
19.15 

26.9 
1&15 

27.5 
19.4 

27.2 
19.6 

26.5 
18.9 

23.4 

Baculo 

17  96 

Difference... 

7.80 

&36 

7.36 

7.05      8.95 

1 

&80 

&35 

&75 

8.1 

7.6 

7.6 

7.45 

The  minimum  temperature  both  in  Manila  and  in  Benguet  is  reached  in 
February,  with  a  second  minimum  In  August,  due  to  the  extraordinary  rainfall 
which  occurs  in  that  month.  From  February  a  steady  rise  occurs,  which 
culminates  in  a  maximum  of  about  29**  C.  in  April,  the  warmest  month,  followed 
by  a  steady  decline  to  the  end  of  the  year,  only  broken  by  the  August  depres- 
sion, with  a  reaction  of  about  one  degree  in  September. 

The  annual  rainfall,  considerably  more  important  than  the  temperature, 
amounting  to  over  100  inches  per  annum,  places  the  Baguio  district  under  the 
classification  of  the  regions  of  abundant  rainfall.  The  year  is  divided  more 
or  less  distinctly  Into  a  dry  and  a  rainy  season.  The  salubrious  climate  of  the 
region,  at  least  during  the  dry  season  from  February  up  to  and  including  June, 
is  principally  due  to  the  rainfall  conditions.  As  there  is  no  high  land  on  the 
east  and  south,  the  prevailing  winds  during  these  months,  from  the  west  and 
southwest,  cause  a  moderate  rainfall,  thereby  reducing  the  temperature  during 
March,  April,  May,  and  June. 

Rainfall  for  1900-1901  at  Baguio,  in  millimeters. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 
391.98 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1.49 

14.46 

37.06 

&11 

102.11 

318.52 

940.33 

288.66 

125.70 

64.00 

138.77 

Total,  2,431.16  millimeters— 96.23  Inches. 
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Durins  the  same  period  the  rainfall  at  Manila  amounted  to  an  av^age  of 
1,986  millimetefs. 
From  Septemb^,  1902,  to  Aogiist,  1903,  observations  were  as  below : 


Sept 

Oct 

Nov. 

Dec 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Ao^ 

902.7 

212.1 

75l9 

24.1 

5.1 

0.0 

16.5 

97.0 

131.8 

168.4 

760.8 

767.9 

Total,  2,862.3  millimeters^- 112.77  inches. 

Care  in  road  construction  is  one  of  the  principal  necessities  caused  by  rain- 
falls of  such  magnitudes  as  are  recorded,  and  the  drainage  in  the  streams 
creates  a  problem  of  control  to  be  considered  wherever  water  power  is  used. 
During  the  rainy  season,  and  especially  after  one  of  the  heavy  rains  of  a  few 
hours'  duration,  where  20  inches  or  more  may  be  recorded  In  a  day,  streams 
which  have  been  but  threads  of  water  become  rivers  of  great  velocity  and  power 
for  harm. 

VEGETATION  AND  TIMBER. 

Open  grass  land  and  areas  of  pine  timber  constitute  almost  all  of  the  Bagnio 
district,  with  the  grass  lands  predominating;  an  almost  insignificant  percentage 
of  agricultural  lands  also  exists.  A  thick  stand  of  cogon  grass  of  2  or  3  feet 
or  more  in  height,  which  is  burned  during  the  dry  season,  is  on  the  open  grass 
land,  and  these  areas  are  the  cattle  ranges  of  the  country. 

The  timber  Is  practically  all  pine,  of  one  species  {Pinus  insularis  Endl.)  ;  It 
resembles  the  loblolly  pine  of  the  southern  United  States  very  closely  in  size, 
form,  rate  of  growth,  and  character  of  wood;  when  It  Is  on  the  upper  slopes 
and  ridges  in  more  open  and  exix)sed  stands,  it  is  very  similar  to  the  western 
United  States  yellow  pine.  The  forest  is  quite  open,  with  heavier  growths 
along  streams,  north  slopes,  and  other  sheltered  locations.  Here  the  timber 
attains  its  best  height  and  growth.  Some  hard  wood  occurs,  but  it  Is  negligible 
In  amount,  except  on  the  summit  and  west  slopes  of  Mount  Santo  Tomas. 

The  timber  will  average  about  100  feet  in  height  and  in  diameter  21  inches, 
giving  a  merchantable  length  of  57  feet,  with  four  logs,  with  a  yield  of  about 
550  to  750  board  feet  per  tree,  or  as  measured  on  a  given  area,  a  cut  of  about 
2,300  feet  per  acre,  the  entire  stand  amountUig  to  7,500  feet  per  acre. 

One  company  has  been  taking  out  timber  for  local  use  with  a  small  mill  and 
native  labor :  the  wood  which  up  to  the  present  has  been  used  for  building  con- 
struction was  of  sapwood  {Alburnum)  and  unseasoned;  It  has  shrunk  and 
warped  badly,  but  it  is  believed  that  with  proper  seasoning  it  will  give  satis- 
faction. The  sapwood,  yellow  white  In  color  like  the  loblolly  pine,  rots  too 
readily  in  contact  with  the  ground,  but  the  light,  red-brown  heartwood  is  more 
durable;  it  is  frequently  very  resinous  and  when  so  Is  practically  indestructible. 

For  mining  purposes  there  is  sufllcient  timber  within  every  distance  to  satisfy 
demands  for  some  time  to  come  for  a  camp  of  moderate  size,  and  with  a  greater 
growth  of  the  mineral  Industry  logging  can  keep  pace  with  development  at  a 
reasonable  expenditure. 

Agriculture  in  the  district  is  confined  to  a  very  small  area  and  only  a  sufficient 
amount  for  local  consumption  is  produced. 

The  population  of  the  Bagulo  district  proper  only  embraces  two  or  three  bar- 
rios of  small  size.  Benguet  Province  has  a  population  (census  of  1903)  of 
22,745,  of  which  917  are  civilized  and  21,929  "wild,"  that  is,  Igorots.  The 
civilized  population,  which  is  congregated  almost  entirely  in  Bagnio  and  La 
Trinidad,  consists  of  Ilocanos,  with  a  sprinkling  of  other  coast  races.  The 
total  population,  of  which  about  one-half  or  approximately  11,000  are  males,  with 
possibly  another  9,000  from  surrounding  provinces,  represents  a  body  of  not 
over  20,000  males  to  draw  on  for  possible  labor.  **  Possible  "  is  used  advisedly, 
for  of  this  number,  because  of  condition,  location,  aversion  to  work,  etc.,  it  is  not 
believed  that  more  than  several  thousand  are  to  be  considered  in  any  way  as 
"  probable  "  labor.  The  Igorot  of  these  parts  at  least  is  a  mild-mannered  brown 
man,  small  in  stature,  but  well  endowed  physically,  whose  wants  are  infinites- 
imal. Experience  with  him  as  a  laborer  has  demonstrated  his  usefulness  to  a 
degree.  A  considerable  number  of  the  race  are  quite  familiar  with  crude  mining 
operations  and  are  fair  workers  underground.  They  are  fairly  intelligent, 
peaceable,  and  good-natured,  and  when  for  some  cause  they  are  driven  to  labor, 
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are — in  view  of  their  low  rate  of  wage  (25  cents,  gold,  per  day)  and  efficiency — 
satisfactory  unskilled  laborers.  Anything  beyond  that  can  not  be  looked  for, 
and  moreover  there  are  but  few  of  them  who  will  remain  in  employment  for 
any  length  of  time. 

Hydrography. 

Probably  nowhere  in  the  Philippine  Islands  is  the  work  of  rain  and  running 
water  so  clearly  indicated  as  in  the  Baguio  district  and  vicinity.  Changes 
take  place  in  the  surface  of  the  area ;  drainage  shifts  and  the  topography  alters 
almost  visibly  from  day  to  day.    The  drainage  of  the  region  is  noteworthy. 

DRAINAGE. 

Although  the  Agno,  the  largest  river  of  the  province  of  Benguet,  is  beyond 
the  border  of  the  district  to  the  east,  it  has  an  important  bearing  on  the  drain- 
age. The  headwaters  of  this  river  are  on  the  eastern  flank  of  Mount  Data,  the 
divide  between  southern  Lepanto  and  northeastern  Benguet,  and  in  Its  passage 
south  to  the  plains  of  Pangasinan  it  gathers  the  run  ofT  from  the  western  slopes 
of  the  main  mountain  range,  the  Cordillera  Central,  the  backbone  of  Luzon,  and 
the  eastern  slopes  of  the  smaller  range  and  ridge  which  forks  southwesterly 
from  Data  and  terminates  at  Santo  Tomas,  forming  the  Benguet  highland. 
Therefore,  it  gathers  meteoric  waters  over  a  comparatively  large  area,  and 
erosion  by  it  and  its  tributaries  has  been  considerable.  All  the  drainage  from 
the  eastern  half  of  the  Baguio  district  feeds  into  one  branch,  the  Itogon. 

The  Antamok  River  drains  the  smaller  valley  east  of  the  Pakdal-Itogon  ridge ; 
it  is  quite  dissimilar  to  the  rest  of  the  drainage  in  that  it  possesses  no  tribu- 
taries of  any  magnitude.  Although  the  valley  has  been  deeply  incised,  no  lat- 
eral streams  have  kept  pace  with  it  within  the  map  limits.  At  its  headwaters 
east  of  Pakdal  there  is  more  or  less  of  a  basin  of  auxiliary  drainage ;  at  Bua, 
one  small  western  branch  is  developed,  and  east  of  Antamok  a  somewhat  larger 
branch  to  the  north  has  cut  into  the  eastern  wall  of  the  valley,  but  erosion  has 
generally  been  confined  to  the  main  valley.  Some  rough  measurements  on  the 
Antamok  in  the  dry  season  gave  the  quantity  of  water  flowing  as  1>200  cubic 
feet  per  minute,  or  20  second-feet.  Power  Is  being  taken  from  the  river  at  this 
point  for  use  in  a  stamp  mill  and  developed  by  pipe  line  and  impulse  wheel. 

A  short  distance  below  Antamok,  the  Antamok  River  joins  the  Itogon  of 
which  it  is  a  lateral  tributary.  The  Itogon  drains  the  area  from  the  Pakdal- 
Itogon  ridge  to  the  Kias  ridge,  through  several  good-sized  streams,  and  through 
the  Slle  or  €rold  Creek,  the  Batuaan,  and  many  smaller  streams.  Gold  Creek 
has  the  larger  territory,  heading  in  the  eastern  and  southern  sides  of  the  Baguio 
plateau,  and  reaching  the  Kias  ridge  with  its  eastern  branches.  Its  volume 
normally  Is  greater  than  that  of  the  Antamok,  and  throughout  its  area  the 
lateral  branches  have  kept  pace  with  the  erosion  of  the  main  channel,  cutting 
a  well-deflned  basin  between  the  Kias  and  the  Pakdal-Itogon  ridges. 

The  Batuaan  heads  in  the  southern  end  of  the  Kias  ridge  and  again  resem- 
bles the  Antamok  in  its  clean-cut  valley  with  little  lateral  extension.  The  sys- 
tem described  al)ove  constitutes  the  drainage  of  the  larger  and  eastern  part  of 
the  Baguio  district. 

The  Baguio  plateau  is  drained  to  the  north  and  west  directly  to  the  China 
Sea,  via  the  Irlsan  and  Trinidad  rivers,  which  in  the  Baguio  district  proper  are 
mere  creeks,  cutting  slight  valleys  in  the  plateau.  Their  work  has  been  dif- 
ferent from  the  erosion  of  the  southern  portion  of  the  area,  and  except  for  the 
drainage  purpose  they  serve  they  are  unimportant.  This  will  be  further  dis- 
cussed under  physiography. 

On  the  western  side  of  the  Baguio-Klas  ridge,  the  Bued,  or  Moti  River,  is  the 
channel  through  which  drainage  proceeds.  The  origin  of  the  Bued  Is  not  far 
from  Baguio,  on  the  plateau,  and  after  collecting  the  waters  of  the  elevated 
regions  it  cuts  its  way,  between  Mount  Santo  Tomas  and  the  Kias  ridge,  south 
to  the  plains.  Lateral  tributaries  are  numerous,  and  some  of  them,  like  the 
Balatok  Creek  at  Kias,  and  the  large  tributary  (the  Quisat,  in  the  native  dia- 
lect) coming  in  east  of  the  crest  of  Santo  Tomas,  have  in  erosion  almost  kept 
pace  with  the  main  stream.  The  Bued  River  canyon  is  the  most  noteworthy 
in  the  district  Cut  in  a  gentle  reversed  curve  from  the  edge  of  the  Baguio 
plateau  to  the  d^ouchement  on  the  plain  below  at  Caorlugan,  and  in  depth 
over  2,000  feet  to  the  bed  of  the  stream,  this  gorge  is  opened  up  by  the  Benguet 
road  on  Its  lower  slopes,  where  formerly  travel  was  well-nigh  impossible,  the 
old  Igorot  trails  being  on  the  ridges  on  either  side. 
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Viewed  from  the  standpoint  of  possible  water  supply,  the  region  is  well- 
watered,  even  in  the  dry  season.  Numerous  large  and  pure  streams,  enough  to 
supply  a  population  as  numerous  as  will  probably  ever  occur  on  the  Baguio 
plateau,  exist  there.  The  district  throughout  is  well  supplied  with  potable 
water,  and  although  by  the  arbitrary  map  boundaries  certain  hot  springs  do 
not  fall  within  its  lines  it  may  be  well  to  mention  them. 

MINERAL   SPBINGS. 

Large  sulphur  springs  which  have  been  used  for  ages  for  medicinal  purposes 
by  both  natives  and  others  in  the  country  are  found  in  the  lower  part  of  the 
Bued  River  canyon,  a  half  mile  or  so  below  Balongabong  or  Twin  Peaks,  on 
the  west  bank  of  the  river.  These  springs  have  a  temperature  of  about  50° 
C.  and  are  distinctly  sulphurous.  Other  smaller  and  similar  springs  may  be 
noticed  at  various  places  along  the  river  above. 

On  the  Itogon  River,  just  outside  of  the  eastern  boundary  of  the  map  of  the 
district  accompanying  this  paper,  is  a  gi'oup  of  hot  mineral  springs  which  have 
formed  deposits  of  considerable  extent.  The  water  in  these  has  a  temperature 
of  about  86**  C,  and  in  several  of  them  distinct  geyser  action,  with  an  intermit- 
tent flow  of  some  force,  is  noticeable.  The  springs  are  saline,  and  some  of 
them  contain  sulphuretted  hydrogen  gas.  The  most  noteworthy  constituents 
of  the  water,  by  analysis,  are  carbonic  acid  gas,  sodium  chloride,  sodium  and 
calcium  sulphates,  silica,  calcium  and  iron  bicarbonates,  and  nitrogen,  a  total 
of  about  2.5  grams  of  salt  in  solution  In  a  liter.  The  spring  Is  claimed  to  be 
very  beneficial  for  medicinal  purposes,  and  It  could  well  be  utilized  by  proper 
construction,  as  it  is  less  than  10  miles  from  Baguio. 

North  of  the  Baguio  district,  at  Tublay,  hot  springs  also  exist  of  the  same 
general  character,  but  slightly  lower  in  temperature  (70**  C.)  and  containing 
a  smaller  amount  of  salts  in  solution.  Iron  springs,  now  apparently  quiet, 
have  left  large  deposits  In  the  vicinity  of  Bua,  and  in  various  other  localities 
hot-spring  action  Is  plainly  indicated. 

The  northern  part  of  Bengiiet  Province  is  particularly  richly  endowed  with 
mineral  springs,  hot  and  cold,  and  the  geology  of  this  and  adjacent  regions 
clearly  indicates,  geologically  speaking,  the  evidence  of  only  recent  vulcanism, 
or  more  strictly,  its  final  and  dying  phenomena. 

Physiography  and  Topography. 

The  Baguio  district — that  is,  the  region  covered  by  the  topographic  map 
accompanying  this  paper — Is  a  small  portion  of  a  part  of  northern  Luzon,  with 
which  it  is  very  closely  connected  and  of  which  It  Is  representative;  It  so  hap- 
pens that  this  small  region  Is  Immediately  on  one  of  the  main  tectonic  axes 
of  the  Philippine  Islands,  and  hence  of  the  Malayan  Archipelago.  The  CJordil- 
lera  del  Norte,  situated  a  few  miles  to  the  east  of  Baguio,  is  the  main  axis, 
at  least  of  the  western  half  of  northern  Luzon.  The  mountain  system  of 
Benguet  on  the  southern  end  of  which  the  Baguio  district  is  located,  is  only 
one  of  the  many  ramifications  of  this  master  axis,  which  has  Its  origin  on  the 
east  side  of  southern  Luzon  and  which  may  safely  be  continued  to  east  Min- 
danao. This  major  axis  Is  probably  one  of  the  original  tectonic  axes  of  the 
Asiatic  Continent,  formed  by  the  wrinkling  of  the  more  plastic  crust  of  the 
earth  as  the  globe  has  contracted.  In  It  the  oldest  of  the  Philippine  rocks 
are  found  and  on  it  all  of  the  agencies  of  construction  and  destruction  have 
been  at  work  since  the  Philippine  Islands,  as  such,  originated. 

Throughout  the  province  of  Benguet  there  runs  a  subsidiary  chain,  the  two 
ends  of  which  are  established  by  Mount  DatA  on  the  north  and  by  Mount  Santo 
Tom6s  on  the  south ;  this  range,  or  more  strictly  speaking,  this  ridge,  describes 
a  curve,  concave  to  the  east. 

The  Agno  River,  cutting  Its  valley,  which  originally  was  a  purely  tectonic 
depression  between  the  Benguet  ridge  and  its  main  trunk,  the  Cordillera,  has 
incised  its  main  valley  so  deeply  and  has,  by  erosion  of  Its  tributaries  over 
its  catch  basin,  removed  such  an  amount  of  material  to  the  plains  lying  toward 
the  south  that  the  Benguet  ridge  stands  out  as  a  mountain  range,  small  but 
fully  developed,  between  the  coastal  plain  along  the  China  Sea  and  the  Cordil- 
lera Central  del  Norte,  the  backbone  of  Luzon,  with  a  large  valley,  that  of  the 
Agno  River,  seiwirating  them.  The  mountain  region  of  Benguet  then,  of  which 
the  Baguio  district  is  representative,  is  of  this  simple  type.  It  represents  no 
dlastrophic  change  of  the  earth's  crust,  as  the  "  block "  type  of  mountains  in 
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which  huge  blocks  of  strata  have  been  uplifted  along  a  fault  plane  and  tlltal 
into  promin^ice,  as  is  the  case  In  the  southern  Oregon  (United  States)  ranges 
and  Is  true  of  other  parts  of  the  Great  Basin  region  of  the  United  States, 
nor  does  it  represent  the  folded  type  of  which  the  Alps  are  the  most  familiar 
example ;  huge  folds  and  overturns  of  strata  like  crumplings  of  so  much  paper. 
The  strata  covering  the  east  and  west  flanks  of  the  Philippine  mountain  areas 
have  l>een  gently  raised  and  broken,  leaving  the  ends  of  the  arch  on  either 
side,  but  a  part  of  this  tilting  was  due  to  the  formation  of  the  sea  dei)osit8 
on  the  already  inclined  floor  of  the  mass  where  the  ridge  has  been  produced; 
moreover  there  has  only  Ijeen  comparatively  gentle  arching. 

PHYSIOOBAPHIC  DISTBICTS. 

Beginning  with  a  small  region  which  locally  represents  such  a  simple  type  of 
elevated  country,  there  is  developed  within  it  four  distinct  pliysiographic 
types: 

(1)  The  mountain  region. 

(2)  The  elevated  plateau. 

(3)  The  intermediate  uplands. 

(4)  The  incised-valley  system. 

The  mountain  region. 

The  mountain  region  is  barely  represented.  The  eminence  of  Pakdal  is  a 
remnant,  no  doubt,  of  the  original  ridge  which  ran  north  at  an  elevation  of 
probably  over  6,000  feet,  to  join  the  higher  region  of  northern  Benguet.  It 
stands  up  from  the  eastern  edge  of  the  Baguio  plateau  to  a  height  of  about 
5,500  feet,  and  though  seen  from  the  west  its  elevation  is  not  particularly  note- 
worthy. The  absence  of  the  plateau  on  the  east  reveals  the  height  of  this  region 
in  the  drop-off  to  the  valley  of  the  Antamok  River  and  in  the  unobstructed 
view  of  the  Agno  Valley  and  the  main  Cordillera  to  the  east  from  the  top  of 
the  ridge. 

Mount  Santo  TomAs  on  the  other  hand  is  a  part  of  the  "  mountain  region," 
but  it  Is  so  only  because  of  its  height.  It  is  not,  as  is  Pakdal,  a  remnant  of  the 
former  configuration.  Santo  Tomfis  is  a  block  mountain  of  the  faulted  type 
and  it  is  locally  developed,  being  the  only  instance  of  such  development  in  the 
Baguio  district.  A  fault  scarp  of  about  1,500  feet  marks  the  northeastern  slope, 
which  is  closer  to  a  vertical  than  to  a  horizontal  plane.  The  tilting  of  this  large 
block  of  sedimentaries  is  plainly  to  be  seen  from  the  Bued  River  side  of  the 
Baguio  plateau,  and  the  corner  of  the  block — the  crest  of  Santo  TomAs — at 
7,342  feet  above  sea  level,  is  as  sharply  defined  as  it  could  be  pictured.  Be- 
cause Santo  Tom^s  is  on  the  edge  of  the  plateau  the  height  is  more  apparent 
from  the  south  and  west,  where  the  slopes  of  the  mountain  run  down  to  the 
coastal  plain.  From  the  plateau  side,  where  there  is  a  difference  of  elevation 
of  less  than  2,500  feet,  this  height  is  not  as  noticeable. 

Typical  mountain  topography  prevails  on  both  these  eminences  (Santo  Tomfts 
being  included,  although  abnormal).  There  is  but  little  good  water,  almost 
none  in  fact,  at  these  elevations,  standing  as  they  do  clear  of  all  the  sur- 
rounding country;  consequently  all  erosion  is  a  direct  result  of  the  vary  con- 
siderable rainfall  of  100  to  120  inches  per  annum.  Denudation  has  been  rapid, 
especially  on  Santo  Tomfis,  and  deep  scars  have  becai  cut  into  its  flanks  by  the 
erosion  of  the  streams  carrying  the  run-off.  All  the  streams  are  naturally  far 
above  base  level,  and  deep,  V-shaped  gorges  represent  the  type  of  stream  beds. 
While  frost  Is  rare  here,  the  difference  in  temperature  is  sufficiently  great,  no 
doubt,  somewhat  to  aid  In  the  disintegration  of  the  rocks.  Steep  slopes  prevail, 
and  talus  Is  carried  away  by  the  excessive  erosion,  so  that  sharpness  of  outline 
continues  to  exist. 

The  elevated  plateau. 

The  Baguio  plateau  Is  the  most  striking  of  the  four  physiographic  types  of 
the  region.  It  is  a  peneplain  of  limited  extent,  with  an  average  elevation  of 
about  5,000  feet  and  with  a  drainage  and  topography  so  characteristic  of  a 
lowland  region,  that,  viewed  from  a  central  point  where  the  valleys  of  the  Bued 
and  Agno  River  drainage  are  not  visible,  it  is  hard  to  realize  the  situation  of 
the  area. 

The  drainage  Is  not  deeply  marked  and  there  Is  plain  evidence  of  much  shift- 
ing of  divides  and  valleys.    Only  small  streams  prevail  over  the  region,  and 
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except  for  transitional  border  areas  wliere  gradients  are  Increased  very  rapidly 
before  the  streams  drop  off  into  tlie  deeper  valleys,  the  erosion  has  not  been 
great  in  stream  beds.  Baguio  proper  drains  to  the  north  into  the  Irisan  and 
Trinidad  rivers.  The  Pakdal  area  divides  its  draining  between  the  north, 
uniting  with  that  from  Baguio,  and  the  southeast,  draining  into  the  deeper 
valley  of  the  Agno  tributaries.  There  are  no  streams  of  any  size  in  this  portion 
of  the  district  and  the  large  rainfall  seems  to  be  partly  added  to  the  ground 
water  and  partly  run  off  in  numerous  small  channels,  rather  than  through  any 
well-defined  system. 

South  of  Baguio  and  Pakdal  the  drainage  is  to  the  east  and  west  of  the 
Baguio-Kias  ridge,  into  both  the  Bued  and  Agno  waterways.  The  topography 
is  of  a  mature  type  over  the  «itlre  region.  Low,  rounded  hills  with  gentle 
slopes,  graded  valleys  with  low  gradients  and  In  part  winding  streams  which 
show  some  small  amount  of  rejuvenation  in  the  more  deeply  cut  valleys  exist, 
but  they  have  not  altered  the  serpentine  course  they  followed  originally.  The 
stream  draining  Baguio  affords  one  Instance  of  this  character.  It  Is  a  barely 
noticeable  brook  from  the  divide  where  It  originates  up  to  a  ponding  which 
occurs  south  of  Baguio ;  the  softer  rock  materials  here  have  yielded  to  erosion 
and  the  stream,  although  formerly  large  and  flowing  directly  from  the  depression 
through  a  now  deserted  wind  gap  to  the  north,  has  barely  sufficient  gradient  to 
Join  the  Pakdal  drainage  to  the  east  of  Baguio,  where  a  small  well-defined 
valley,  with  slopes  and  a  gradient  out  of  all  proportion  to  the  remainder  of 
the  drainage  back  of  it,  Joins  with  a  second  flattened  area  north  of  Baguio. 
From  this  It  finally  escapes  Into  the  Trinidad  River. 

The  headwaters  of  the  Pakdal  are  merely  rivulets  which  follow  such  valleys 
as  they  have  themselves  been  able  to  cut  during  the  seasonal  rains,  and  In 
many  Instances  the  shifting  of  the  local  divide  for  a  few  feet  has  resulted  in 
the  capture  of  adjacent  streams  and  the  abandonment  of  the  older  channels. 

The  Plaz  Valley  is  more  marked,  and  although  it  Is  relatively  of  small  size 
It  has  rounded  out  a  fairly  mature  existence  before  It  drops  off  Into  the  Bued 
River  channel  west  of  Laoacan.  At  Laoacan  another  old  valley,  now  devoted 
to  the  cultivation  of  rice  and  which  has  a  small  stream  fiowlng  through  It,  la 
evidently  a  relic  of  the  former  drainage  of  the  region.  This  valley  Is  mature 
and  almost  devoid  of  running  water;  at  its  mouth  it  drops  off  through  a 
declivity  of  almost  a  thousand  feet  to  the  valley  of  the  Bued  River. 

The  drainage  of  the  whole  plateau  Is  striking  In  that  In  Itself  It  exhibits  every 
evidence  of  maturity  and  that  only  the  corraslon  of  the  near  and  the  more 
iwwerful  superimposed  drainage  has  thrown  It  Into  relief,  at  an  elevation  of 
5,000  feet  and  over. 

The  intermediate  uplands. 

The  intermediate  uplands  are  represented  by  the  drainage  of  the  Bued  and 
Agno  River  tributaries.  The  elevation  of  these  regions  ranges  from  2,500  to 
4,500  feet,  and  as  they  are  evidently  confined  to  one  period,  they  are  normal 
in  every  particular;  with  the  valleys  of  the  Antamok,  Batuaan,  and  Gold 
rivers  and  their  total  drainage  area,  the  Intermediate  uplands,  and  the  valleys 
they  constitute  one  region,  all  lying  to  the  east  of  the  Baguio-Klas  ridge.  A 
comprehensive  view  of  the  region  from  either  the  Pakdal  or  Klas  elevation 
shows  that  the  central  valley,  namely,  that  of  the  Gold  River,  is  the  more 
mature.  The  Antamok  and  Batuaan  streams  have  confined  their  work  to  the 
cutting  of  steep-walled  valleys  with  few  lateral  tributaries;  their  slopes  are 
steep,  with  a  gradient  generally  of  over  30**,  and  both  streams  maintain  a 
fairly  direct  course.  Their  headwaters  are  basln-llke  In  character,  and  In  these 
situations  erosion  Is  pronounced.  The  Gold  River  has  been  widened  to  a 
greater  extent  by  lateral  tributaries,  and  It  presents  a  valley  broad  enough  and, 
sufficiently  graded  to  support  several  small  villages,  with  their  attendant 
Industries,  agriculture  and  the  raising  of  cattle. 

The  incised-valley  system. 

As  has  been  stated  before,  the  Bued  Valley  is  noteworthy  for  its  beauty  and 
grandeur.  Its  side  slopes  will  average  much  over  30  degrees,  and  In  that  por- 
tion of  It  covered  by  the  map  It  gains  an  elevation  of  from  2,000  to  5,000  feet 
In  the  transverse  section  there  Is  evidence  of  several  stages  of  deepening, 
and  at  Klas  there  Is  pronounced  evidence  of  recent  uplift,  tilting  from  the 
south;  nowhere  Is  the  V-shaped  gorge  sufficiently  wide  at  Its  bottom  nor  suf- 
ficiently gentle  of  slope  to  support  more  than  an  Igorot  hut  or  two,  and  It  Is 
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only  since  the  construction  of  the  Benguet  road  along  the  valley  that  it  has 
been  the  scene  of  human  activity.  Hanging  valleys  are  common  along  Its 
course,  and  the  entire  evidence  of  topographic  forms  tends  to  the  conclusion 
that  the  drainage  has  been  of  more  recent  origin  than  that  of  the  Baguio 
plateau.  It  is  especially  evident  that  this  is  the  case  where  lateral  gorges 
enter  the  main  valley,  and  at  the  southern  end  of  the  valley  the  present  stream 
is  cutting  at  a  rapid  rate  vertically  Into  Its  V-shaped  canyon. 

Geology. 

GENEBAX. 

Although  the  Baguio  district  is  but  small  in  area,  there  are  Involved  in  It 
geological  problems  almost  too  broad  and  complex  to  be  within  the  scope  of  this 
reconnoissance.  Such  data  as  have  been  gathered,  and  which  will  have  to  serve 
until  a  study  may  be  made  of  a  more  extended  field,  will  be  subject  to  greater 
or  less  modifications  in  the  light  of  future  work.  Beginning  with  the  oldest 
rocks,  we  have  a  basal  mass  composed  of  dioritic  rocks  which  can  be  cor- 
related with  and  evidently  is  an  integral  part  of  the  dioritic  base  exposed  in 
Lepanto  and  in  other  northern  provinces  of  Luzon.  Excepting  certain  local 
variations  of  composition  and  texture,  these  two  rocks  are  petrographically  iden- 
tical, and  the  stratigraphic  evidence  is  all  on  the  side  of  the  hypothesis  of  a 
dioritic  igneous  core,  of  at  least  this  one  (Luzon)  of  the  Philippine  Islands. 
It  has  been  taken  for  granted  by  a  number  of  the  few  who  have  heretofore 
written  on  Philippine  geology  on  such  evidence  as  was  available,  that  the 
hidden  core  of  the  Philippine  group  would  eventually  be  found  to  consist  of 
crystalline  schists  upon  which  post-Tertiary  sedimentaries  have  been  laid  down 
and  to  which  mass  the  neo-volcanlcs  have  been  added,  but  so  far,  at  least  in 
northern  Luzon,  the  areas  seen  have  uniformly  exhibited  a  massive  dioritic 
base.  Becker  <»  has  carefully  summarized  all  the  occurrences  of  schists  and 
older  rocks  of  the  archipelago  which  were  known  at  the  time  his  paper  was 
written,  and  while  he  points  out  that  there  may  be  a  more  or  less  close  con- 
nection between  the  Philippine  group  and  Borneo  on  llthologic  grounds,  he 
admits  that  there  is  no  Inconsistency  in  Abella*s  view  *  that  the  dioritic  rocks 
represent  the  oldest  of  the  Philippine  series,  if  those  schists  of  similar  compo- 
sition are  included  under  the  head  of  "dioritic  rocks."  It  is  a  pleasure  to 
record  in  the  results  of  work  even  so  little  detailed  as  that  given  in  the  present 
paper,  data  which  coincide  with  the  deductions  of  Mr.  Becker,  who  had  only 
vicarious  observations  of  varying  reliability  to  serve  as  criteria,  and  also  with 
the  observations  of  Abella,  who,  although  limited  in  his  scope  of  work,  has 
proved  for  the  most  part  to  be  the  most  trustworthy  of  the  workers  in  this 
field. 

BASAL   MASS. 

There  seems  then  to  be  good  ground  for  believing  that  the  diorite  I  have  ob- 
served in  the  Baguio  district  represents  the  starting  point  of  our  Philippine 
geology,  at  least  for  northern  Luzon.  I  have  described  it  in  a  former  paper,*' 
discussing  Its  appearance  in  Lepanto ;  It  occurs  over  a  large  area  of  the  pres- 
ent Benguet  field;  various  observers  have  noted  it  over  a  sufficiently  large 
portion  of  Luzon ;  and  Abella  in  particular  has  verified  his  field  notes  with  the 
microscope  in  order  to  Justify  the  above  hypothesis. 

In  the  Baguio  district  the  exposure  of  the  basal  diorite,  as  would  naturally 
be  supposed,  are  generally  most  prominent  at  the  lower  elevations,  although  on 
the  western  border  of  the  area  the  most  prominent  exposure  is  the  highest 
point  in  the  district,  namely,  the  crest  of  Mount  Santo  Tomfts.  Here  the  rock 
is  light  green  in  color,  finely  grained,  holocrystalline  to  the  eye,  hard  and  com- 
pact, with  apparently  little  weathering.  Plagioclase  and  amphibole  may  be 
distinguished  with  a  lens,  together  with  some  chlorite  and  occasional  quartz 
and  magnetite  crystals.  The  valley  of  the  Antamok  River  shows  the  best 
exposures  of  this  diorite  and  it  is  here  most  typical  of  the  large  area. 

•Report  on  the  geology  of  the  Philippine  Islands,  V.  S.  G.  S.  21st.  Ann.  Rep.  (1800- 
1900). 

» Abella:  Apuntes  ffsicos  y  geoldgicos  (1884),  30. 

« Eveland :  Prelimianry  Reconnaissance  ot  the  Mancayan-Suyoc  Mineral  Region,  Bull. 
Min.  Bur.,  Manila  (1006),  4. 
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The  rock  megaecopically  is  dark  green*  holocrystalline,  oaassive;  it  is  very 
bard  and  apparently  more  resistant  to  erosion  than  any  other  rock  in  the  district. 
Only  plagloclase,  amphibole,  and  a  dark-green  cbloritic  mineral  can  be  distin- 
guished with  the  eye.  Locally,  over  a  small  area,  the  ampliibole  is  developed 
to  a  greater  extent  At  one  of  the  tunnels  of  the  Bua  Mining  Company,  the 
main  crosscut  to  the  ''main  reef,**  the  porphyritic  nature  of  the  rock,  wliich 
has  amphiboles  sometimes  measuring  15  millimeters  in  length,  is  very  evident. 
In  connection  with  the  development  of  the  amphiboles,  the  almost  universal 
quartzose  nature  of  the  rock  is  less  evident  or  entirely  wanting — ^no  quartz  can 
be  seen  with  the  eye  or  with  a  hand  lens.  Under  tl^e  microscope  the  normal 
phase  of  the  basal  dlorlte  presents  a  granitic  or  a  pan-idlomorphic  granular 
structure.  In  almost  all  the  sections  examined  much  saussuritization  has 
tak^i  place  and  the  resultant  minerals  are  variable  in  different  localities.  The 
structure  is  plainly  that  of  a  plutonic  rock  and  there  is  evidence  of  slow  cooling, 
the  first  crystallization  taking  place  being  that  of  the  feldspars.  Certain  sec- 
tions show  porphyritic  fades  and  the  mass  is  evidently  variable.  The  plagioclase 
fekispars  show  polysynthetic  twinning,  and  in  these  sections  they  are  probably 
near  the  lime  end  of  the  series,  calcite  being  pronounced.  Possible  Inter- 
growths  of  feldspars  are  noticed.  Measurement  of  extinction  angles  on  dif- 
f^ent  sections  in  some  cases  gives  labradorite  (observed  on  Carlsbad  twins) ; 
other  sections  at  right  angles  to  the  albite  twinning  gave  31  to  33  degrees  as 
extinction  angles.  A  slide  occasionally  shows  anorthlte,  and  a  sample  of  the 
rock  from  the  valley  of  the  river  Sill  exhibits  andesine. 

The  feldspars  are  much  decomposed,  and  calcite,  zeolite,  sepidote,  and  chlorite 
are  present  in  varying  amounts.  The  ferro-magnesium  minerals  generally  are 
too  much  decomposed  to  show  more  than  outline  of  faces,  but  from  occasional 
fresher  sections  they  are  clearly  determined  to  be  pyroxenes.  Actinolite  has 
evidently  been  a  constituent  of  prominence,  although  hornblende  more  nearly 
represaits  the  average  composition. 

Magnetite  is  present  in  large  amount,  over  10  per  cent  being  present  In  some 
sections,  and  it,  and  chlorite  developed  in  light-green  flakes  and  strings  through- 
out the  slides,  are  most  prominent. 

Although  it  is  apparently  a  basal  mass  the  diorite  has  been  through  other 
processes  than  mere  crystallization  from  the  magma.  The  microscopic  aspect 
of  samples  from  certain  localities  seems  to  point  to  a  granulation  and  recrys- 
tallization  of  the  original  rock,  and  In  view  of  the  neo-volcanlcs  which  are  so 
prominent  over  the  area,  some  metamorphism  is  to  be  expected.  There  is 
enough  evidence  in  the  numerous  slides  examined  to  make  it  certain  that, 
although  basal  in  position,  the  diorite  is  not,  strictly  speaking,  representative 
of  a  deep-seated  igneous  mass.  It  shows  variation  of  structure  and  composi- 
tion ld«itical  with  those  exhibited  by  an  extrusive,  and  although  subsequent 
alteration  may  be,  and  probably  is,  responsible  for  many  of  these  variations, 
it  seems  to  be  a  more  justifiable  hypothesis  that  the  diorite,  although  now  it 
is  stratigraphically  the  basal  mass  of  Luzon,  at  the  time  of  its  origin  was,  in 
part  at  least,  extrusive  and  intrusive  in  relation  to  some  still  older  formation 
of  which,  so  far,  no  trace  has  been  seen.  Five  analyses  of  samples  of  the 
diorite  from  various  localities  are  as  follows  : 


Analyses  of  the  Benguet  diorite,^ 


Constit!:ent. 


Moisture  at  IW  (M-llO") 
Lo68  on  imltloii  (M+llO") 

Silica  (SI05 

Alumina  ( AlsOi) 

Ferric  oxide  (FesOi) 

Ferrous  oxide  (FeO) 

Caldum  oxide  (CaO) 

Magnesium  oxide  (MfO) . . 
Potassium  oxide  (K»0). . . 
Sodium  oxide  (NatO) 

Total 


II. 


Percent. 

0.37 

3.16 

48.89 

1.87 

2.61 

33.47 

10.76 

6.57 

.09 

2.01 


100.79 


Per  cent. 
0.32 
3.54 

51.06 
1.47 
3.67 

25.30 

8.15 

4.12 

.22 

2.13 


99.90 


III. 


IV. 


PercerU. 

0.46 

3.24 

49.20 

3.64 

.84 

26.00 

10.66 

6.76 

.06 

.76 


Percent. 

0.16 

.76 

61.48 

20.31 

6.24 

3.46 

8.86 

4.29 

2.07 

3.01 


100.62  I      100.63 


Percent, 

0.18 

3.24 

50.71 

4.74 

2.26 

20.64 

13.48 

4.21 

.18 

1.03 


100.27 


•Analyses  Numbers  I,  II,  III,  and  V  are  by  Dr.  R.  F.  Bacon,  and  Number  IV  is  by  Paul 
J.  Fox,  of  the  Chemical  Laboratory,  Bureau  of  Science. 
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Number  I  represents  the  porphyrltic  variety  from  the  "  Middle  Reef." 

Numbers  II,  III  are  from  the  Antamok  River. 

Number  IV  is  from  Gold  Creek. 

These  analyses  should  be  compared  with  the  following  ones,  made  on  sam- 
ples from  the  Lepanto  area  on  specimens  of  the  "  Mancayan  diorite"  wliich 
probably  were  fresher: 

Analyses  of  the  Mancayan  dioritr." 


Moisture  (-IW) 
Loss  on  Ignition  ( 

810,....: 

A1,0, 

FeiOa 

FeO 

c«o 

MgO 

K,0 

N8«0 

Total 


Constituent. 

I. 

II. 

III. 

IV. 

Percent. 

0.50 

2.74 

50.67 

21.21 

11.311 

.21 

6.86 

4.10 

.10 

1.41 

Percent. 

0.28 

1.38 

51.00 

18.01 

.23 

9.31 

8.80 

6.53 

.46 

4.42 

PercerU. 
0.38 
.70 
47.98 
18.94 
7.08 
3.96 
11.01 
7.06 
.44 
2.56 

Percent. 
0.12 

(+ 110') 

2.26 

47.94 

21.96 

2.48 

3.42 

12.63 

6.83 

.19 

1.40 

99.11 

'   100.51 

100.13 

99.35 

A  comparison  will  show  that  although  the  silica  remains  fairly  constant  in 
amount,  there  Is  very  little  stability  in  the  percentages  of  the  other  constituents 
excepting  in  the  soda.  This  fact  is  not  extraordinary  and,  indeed,  it  might  be 
expected  from  variations  in  the  magma  in  a  distance  of  50  miles,  and  from  the 
subsequent  alterations  to  which  the  rock  has  been  subjected. 

The  exposure  of  the  diorite  in  the  Antamok  River  is  continuous  from  Pakdal 
to  a  point  a  mile  below  Antamok,  where  a  granitic  intrusion  (to  be  described 
later)  comes  in.  The  valley  of  Gold  Creek  is  also  in  this  rock,  from  its  junction 
with  the  Batuaan  to  the  headwaters  at  Pakdal. 

On  the  north  side  of  the  area  diorite  again  crops  out  where  the  drainage 
north  and  west  of  Baguio  has  cut  deeper  Into  the  surface,  and  in  various  places 
In  the  Bued  River  canyon,  where  later  sedlmentarles  and  extruslves  have  been 
cut  through,  good  exposures  of  the  diorite  are  laid  bare. 

From  below  Camp  IV,  or  Klas,  on  the  Benguet  road,  the  diorite  does  not  out- 
crop, later  extruslves  and  sedlmentarles  taking  its  place  in  the  river  bed,  and 
It  is  evident  from  the  occurrence  of  a  massive  intrusion  of  more  granitic  char- 
acter to  the  east  of  this,  that  from  this  point  on  the  diortlc  exposure  leads 
off  to  the  east  toward  the  Cordillera  Central,  or  In  other  words  that  on  the  to- 
pography of  this  basal  mass,  this  southernmost  point  repres^its  the  limit  of  ex- 
posure of  any  great  elevation.  From  here  to  the  south  the  diorite  is  evidently 
considerably  lower  and,  as  may  reasonably  be  supposed,  is  buried  in  the  plains 
region  between  Benguet  and  Manila  by  a  great  thickness  of  recent  sedlmentarles. 

INTRUSIVES. 


About  a  mile  to  the  south  of  Antamok,  on  the  river  of  the  same  name,  occurs 
a  massive  exposure  of  a  rock  which  here  is  classed  as  an  intrusive,  but  which 
may  possibly  be  but  a  phase  of  the  diorite.  On  the  Antamok  and  Batuaan 
rivers,  both  of  which  cut  across  the  contact  between  the  diorite  and  the  intru- 
sive, the  contacts  are  obscured  by  heavy  talus  and  wash,  and  the  relative  ages 
of  the  formations,  if  they  differ,  can  not  be  determined.  The  float  on  the 
Antamok  River  seems  to  show  all  variations  in  appearance  from  the  one  rock  to 
the  other.  The  rock  may  be  classed  in  the  field  as  a  granite  or  quartz  diorite. 
It  is  a  hard,  light-green  massive  rock  showing  to  the  eye  quartz,  feldspars,  and 
a  dark-green  hornblende  (?)  arranged  In  a  granular  holocrystalline  structure 
with  particles  of  a  light-green  secondary  mineral  scattered  throughout  the  feld- 
spars. Under  the  microscope  the  minerals  exhibited  are  quartz,  plagloclase, 
amphibole  and  magnetite.  The  quartz  does  not  form  a  conspicuous  constituent 
and  it  occurs  as  an  Interstitial  filling.  The  extinction  angles  measured  on 
the  plagloclase  show  it  to  be  oligoclase  In  idlomorphic  crystals  showing  zonal 

•  AnalyRpR  of  Mancayan  rock  are  by  Mr.  L.  A.  Salinger,  Chemical  Lauoratory,  Bureau 
of  Science.  Manila.  P.  I.,  1905. 

625(V1— WAB  1908— VOL 


342      APPENDIX   TO  REPORT  OF  THE  PHILIPPINE   COMMISSION. 

growth  and  considerable  polysynthetlc  twinning.  The  amphibole  is  normal 
liomblende  and  the  magnetite  seems  to  occur  principally  as  inclusions  in  the 
former,  or  adjacent  to  it.  In  the  Bued  River  canyon,  where  the  same  rock 
occurs,  a  marked  peculiarity  is  developed,  which  appears  to  be  the  presence  of 
inclusions  of  dlorite  caught  up  in  the  quartzose  magma.  This  "  Kugelstruktur  " 
(Rosenbusch)  when  examined  under  the  microscope,  is  seen  to  be  due  to  differ- 
ence in  texture,  In  fineness  of  grain,  rather  than  in  any  difference  of  mineral- 
ogical  composition,  and,  as  before,  the  sections  show  plagioclase,  hornblende, 
magnetite,  and  quartz,  with  a  slight  development  of  accessory  sphene  and  second- 
ary iron  oxide.  No  explanation  of  this,  other  than  variation  in  the  magma, 
can  be  offered.  The  area  covered  by  this  phase  of  the  quartz  dlorite  is  con- 
siderable, to  judge  from  the  length  of  the  exposure  in  the  Bued  River  canyon, 
and  over  all  the  area  examined,  these  **  inclusions  "  prevail.  Although  mapped 
as  a  separate  mass,  the  weight  of  evidence  tends  to  the  view  that  the  dlorite 
assumes  a  more  quartzose  variation  only  locally,  and  that  the  Batuaan  Greek 
area  is  a  part  of  the  diorite  core. 

Many  small  dikes  of  basalt  cut  through  this  rock,  but  they  are  unimportant, 
excepting  that  the  directions  of  the  dikes  seem  to  be  quite  uniformly  along  east 
and  west  lines.  In  common  with  the  system  of  ore  deposits  in  the  dlorite,  the 
majority  of  the  veins  striking  east  and  west,  or  approximately  in  that  direction, 
this  prevailing  direction  would  point  to  a  line,  or  rather  a  direction,  of  weakness 
in  the  main  mass  of  the  rock.    Three  analyses  «  of  these  rocks  are  as  follows : 

Analyses  of  the  basalt. 


Constituent. 


Moisture  at  IICT  (M-llCT). 
Loss  on  ignition  (M+110*). 

Silica  (SiOf) 

Alumina  (AliO») 

Ferric  oxide  (FeiO») 

Ferrous  oxide  (FeO) 

Calcium  oxide  (CaO ) 

Magnesium  oxide  (MgO) . . 
Potassium  oxide  (KjO) — 
Sodium  oxide  (NaiO ) 


Total. 


Percent. 

Percent. 

Percent. 

a  14 

0.06 

0.13 

1.61 

1.06 

0.77 

67.49 

58.85 

57.06 

18.40 

16.70 

20.00 

5.46 

4.06 

3.03 

1.71 

3.28 

8.01 

7.61 

7.71 

7.18 

3.06 

3.29 

3.27 

1.99 

2.87 

3.06 

3.38 

2.62 

2.06 

100.84  t      100.06 


ra. 


ioa46 


Numbers    1    niul 
Creek  exposures. 


are  from  ^Uitamok   River,   Number  III   from  Batuaan 


EXTBUSIVES. 


The  occurrence  of  comparatively  recent  eruptive  rocks  over  a  large  part  of 
the  Bagnio  district  is  particularly  noteworthy.  North  of  the  areas  of  quartz 
dlorite  all  the  elevations  are  capped  with  extruslves  of  various  types,  but  all 
show  relations  which  point  to  one  petrographic  province  for  the  series. 
Andesites  and  allied  rocks  prevail. 

An  exposure  of  limited  extent  within  the  area  studied  on  the  ridge  east  of 
the  Antamok  and  east  of  the  river  is  of  a  light  gray-green  volcanic  rock  which 
can  not  be  classified  in  the  field,  more  closely  than  as  an  augite-leucocphyre, 
although  even  this  porphyritlc  development  is  rare  and  the  rock  generally  is 
almost  a  felsite.  Under  the  microscope  sections  exhibit  an  orthophyric  struc- 
ture, the  rock  being  composed  of  plagioclase  (almost  invariably  fragmental), 
augite,  and  magnetite. 

Determination  of  the  feldspar  is  dlflJcult,  but  measurements  on  one  Carlsbad 
twin  gave  angles  of  extinction  corresponding  to  oligoclase  and,  while  much 
shattered,  the  crystals  are  truly  idiomorphic.  Pyroxene  is  present  in  small 
amount  throughout  the  slides,  with  sufficient  indication  of  idlomorphlsm  to 
Justify  the  use  of  the  term,  and  from  the  structure  it  is  evident  that  crystalliza- 
tion of  the  augite  has  taken  place  later  than  that  of  the  feldspar.  The  rock 
is  much  decomposed,  breaking  down  into  epldote  and  magnetite;  chlorites  are 
present  in  small  amount,  closely  associated  with  the  feldspar  and  augltes.    All 


"  Analyses  by  Paul  J.  Fox,  Bureau  of  Science,  Manila. 
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sections  show  clearly  that  the  rock  is  an  extrusive  (andesite),  but  that  (luring 
crystallization  or  subsequently  great  strain  has  developed,  so  that  the  rock  Is 
almost  fragmental. 
Two  analyses  <»  of  this  rock  are  given : 

Analyses  of  the  andesite. 


Constituent. 


Moisture  at  110°  (M-110°) 
Loss  on  Ignition  (M+110*) 

Silica  (SiOf) 

Alumina  (AlfOj) 

Ferric  oxide  ( FetO  j) 

Ferrous  oxide  (FeO) 

Calcium  oxide  (CaO) 

Magnesium  oxide  (MgO) . . 
Potassium  oxide  (KsO). . . 
Sodium  oxide  (NatO) 

Total 


Percent. 

Percent. 

0.44 

0.52 

2.23 

2.04 

53.92 

54.10 

18.68 

19.01 

4.27 

4.32 

2.66 

2.45 

8.85 

8.90 

2.93 

3.02 

2.66 

2.98 

2.92 

3.08 

99.55 


100.42 


Many  outcrops  of  andesitic  rocks  are  exposed  on  the  Baguio>Kias  ridge,  all 
more  or  less  closely  related  in  that  they  evidently  represent  one  period  of 
volcanic  activity.  These  rocks  vary  from  typical  augite-andesites  and  andesite- 
porphyries  to  hornblende-porphyry,  and  certain  other  exposures  can  only 
strictly  be  classified  as  dacites.  The  rocks  are  so  closely  related  that  they  are 
mapped  as  "andesitic  rocks"  to  show  their  occurrence  as  subsequent  and 
younger  formations. 

The  rock  in  general  is  porphyrltic  in  structure,  the  light-colored  feldspar- 
phenocrysts  showing  prominently  against  the  darker  groundmass.  Occasional 
exposures  were  seen  which  show  a  more  granitic  texture,  but  these  are  com- 
paratively rare.  Sections  from  one  of  the  typical  exposures  on  the  Copper 
King  Creek  at  the  mill  of  the  mine  of  the  same  name  show  a  rather  abnormal 
cryptocrystalllne  groundmass  with  abundant  phenocrysts  of  zonally  constructed 
plagloclase,  of  hornblende,  and  of  magnetite.  Investigation  of  extinction  angles 
of  the  feldspar  shows  It  to  be  labradorlte  with  occasional  twinning  according 
to  the  perlcllne  law.  Actlnollte  Is  the  representative  df  the  amphiboles,  It 
rarely  is  unaltered,  and  then  it  shows  pleochroism. 

Saussurltlzatlon  has  taken  place  to  a  considerable  extent  and  In  many 
Instances  only  outlines  of  the  original  feldspar  are  left.  Magnetite  Is  abundant 
in  minute  grains  and  is  closely  associated  with  the  actlnollte. 

Specimens  showing  a  pronounced  porphyrltic  structure  were  collected  from  a 
dike  in  the  Bued  River  a  half  mile  above  Kias,  the  plagloclase  phenocrysts 
measuring  as  much  as  0.5  Inch  In  length,  set  in  a  dark  groundmass.  Under  the 
microscope  the  feldspar  show  the  characteristic  alteration  of  the  albite  twins 
and  much  calclte  and  epidote  is  seen.  Ollgoclase  and  andeslne  are  identified 
in  the  fresher  crystals.  There  Is  a  second  series  of  phenocrysts  of  a  smaller 
size  developed  In  the  groundmass,  and  these,  although  badly  corroded,  are 
undoubtedly  remnants  of  muscovlte.  Magnetite  Is  present  to  a  considerable 
extent,  and  both  hematite  and  llmonlte  scattered  through  the  groundmass  and 
the  muscovlte  phenocrysts  are  In  almost  all  sections. 

A  large  exposure  of  a  fine-grained  andesite,  which  is  apparently  a  transitional 
rock,  is  found  at  a  greater  distance  up  the  Bued  River  from  this  dyke  variety 
of  the  andesitic  eruptives.  Its  groundmass  Is  light  In  color  and  the  amphiboles 
make  up  the  majority  of  the  phenocrysts  which  are  visible  to  the  eye.  This 
variety  represents  one  extreme  of  the  andesitic  series  of  the  district,  and  that 
next  described,  an  auglte-andeslte  from  the  Baguio  plateau,  cropping  out  just 
south  of  the  civic  center  of  Baguio,  the  other.  Megascopically  it  is  a  heavy, 
dark  rock,  breaking  with  a  conchoidal  fracture  with  a  metallic  ring.  Small 
phenocrysts  are  seen  In  the  groundmass  which  can  not  be  Identified.  It 
weathers  on  the  surface  to  a  brown  clayey  soil,  and  decomposition  has  taken 
place  along  a  series  of  three  directions  of  cleavage,  leaving  hard  and  compact 
rounded  bowlders  In  the  subsoil. 


•Made  by  Paul  J.  Fox,  Chemical  Laboratory,  Bureau  of  Science,  Manila,  1906. 
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Under  the  microscope,  augite  Is  the  most  prominent  constituent,  with  twin- 
ning parallel  to  the  macropinacoids.  The  feldspars  are  plagioclase ;  oligoclase, 
andeslne,  labradorite,  and  anorthlte  all  occurring  in  at  least  two  generations, 
if  not  more.  The  groundmass  is  typically  andesitic  in  structure.  Magnetite, 
in  fine  grains,  is  prominent  in  the  groundmasa 

All  of  the  younger  rocks  described  above  are  of  andesitic  varieties  and  in 
fact,  with  the  exception  of  the  two  closely  related  rocks,  the  basal  diorite  and 
quartz  /liorite  no  other  igenous  rocks  have  been  seen  in  this  area,  excepting 
andesite  and  related  extruslves.  There  is  a  close  petrographic  and  geologic 
resemblance  between  this  district  and  the  region  around  Mount  Shasta  (Cali- 
fornia), which  has  been  described  by  Diller  In  Monograph  15  of  the  United 
States  Geological  Survey,  and  In  general,  between  it  and  many  of  the  petro- 
graphic provinces  represented  by  the  Pacific  coast  cones  of  Mount  Hood, 
Mount  Rainier,  and.othera  Spurr*  has  also  recently  called  attention  to  this 
"  Pacific  Zone  "  of  andesitic  rocks. 

SEDIMENTABIES. 

Exposures  of  sedimentary  rocks,  although  more  prominent  in  the  Immediately 
adjacent  areas,  occur  in  the  Baguio  district,  and  from  these  a  series  can  l>e 
constructed  giving  some  fairly  accurate  idea  of  the  geologic  history  of  this 
region.  At  the  base  of  this  series,  resting  on  the  diorite  rocks  beneath,  is  a 
conglomerate  of  considerable  thickness,  made  up  of  the  dioritic  materials 
derived  from  the  basal  mass.  None  of 'the  exposures  show  a  sufficiently  large 
section  to  allow  the  taking  of  accurate  measurements,  but  the  conglomerate 
certainly  must  be  considerably  over  100  feet  in  thickness.  The  beds  consist  of 
heavy  conglomerate  at  the  bottom,  with  sandstones  and  clay  above.  No  fossils 
have  been  found  in  these  beds,  but  the  1-foot  lignite  seam  in  the  upper  meas- 
ures and  the  conformabilty  of  the  beds  with  the  Baguio  limestone  directly 
above  them  establishes  the  fact  at  least,  that  they  are  only  a  little  earlier  and 
older  than  the  fosslliferous  limestone.  The  material  has  little  uniformity  of 
size,  and  the  bowlders  vary  from  pebbles  to  rounded  masses  of  many  tons* 
weight.  No  outcrops  of  the  conglomerate  base  are  visible  in  the  area,  only  the 
upper  measures  being  laid  bare  in  the  upper  end  of  the  Bued  River  gorge. 
However,  below,  in  the  same  canyon,  for  a  distance  of  a  few  miles,  the  whole 
series  is  admirably  exposed.  The  formation  dips  to  the  south  on  the  southern 
end  of  the  highlands,  and  a  few  miles  to  the  northwest  of  Baguio,  to  the  west, 
the  beds  curve  around  the  dioritic  islet  like  a  cape.  The  upper  beds  In  the 
vicinity  of  Baguio  ate  fairly  rich  in  fossil  remains,  but  they  are  in  a  bad 
condition  for  examination,  and  the  best  that  can  be  said  is  to  confirm  the  state- 
ment of  Abella,*  that  present-day  marine  forms  occur. <^ 

Resting  on  the  conglomerate  base  Is  a  heavy  limestone  bed,  in  places  meta- 
morphosed to  marble  (Bued  River  below  "Colgan's  Camp'*)  by  later  andesitic 
extruslves.  Almost  everywhere  it  Is  rich  in  fossil  remains.  It  is  a  yellow- 
white  limestone,  hard  and  compact,  and  excepting  at  the  outcrops  on  the 
greatest  elevation,  fairly  resistant  to  erosion.  The  limestone  on  the  hills  to  the 
west  of  Baguio  is  in  places  heavily  stained  with  Iron  oxide,  giving  it  a  deep  rose 
color.  At  the  bottom  of  the  Bued  River  gorge,  at  the  "  zigzag  "  on  the  Benguet 
road,  iron  oxide  in  excessive  amount  has  given  the  limestone  a  basaltic  appear- 
ance, due  to  Its  black  color  and  extreme  hardness.  When  the  rock  is  seen  In 
thin  sections,  calclte,  in  large  and  small  grains,  with  occasional  evidence  of 
recrystalllzatlon,  is  shovm  practically  to  form  its  entire  mass. 

The  sections  show  specimens  of: 
Operculina  complanata  Bast. 
Lithothamnittm  ramossissimum  Ruess. 
Textularia  mcgeriana  (?). 
Polyatomella  sp. 
Orhitoides  sp. 

At  least  one  fossil  which  may  provisionally  be  pronounced  a  nummullte  has 
been   observed,  the  "  alar  prolongations "  being  well   developed.     Mr.   W.  D. 

«  Spurr.  J.  E. :  Geology  of  the  Tonopah  Mining  District,  Nevada,  U.  S.  G.  S.  (1905),  47. 

•Abella:  Terremotos  de  1892  (1893),  33. 

«  Since  this  paper  was  written  these  fossils  have  been  examined  more  carefully,  and  with 
the  aid  of  literature  which  we  have  since  obtained  we  are  able  to  single  out  several  forms, 
the  same  as,  or  closely  related  to,  Javan  and  Bomean  forms  which  are  certainly  Tertiary 
and  one.  Turbo  horneSnsis,  which  seems  to  be  confined  to  the  Eocene.  These  fossils  are 
all  caats  and  poorly  preserved,  making  exceedingly  unsatisfactory  material  to  work  with. — 
W.  D.  Smith. 
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Bmlth,  who  famished  the  above  data,  has  examined  other  limestones,  in  a 
region  farther  to  the  south  in  Luzon,  in  Cebu,  and  in  Batan  Island,  and  all 
the  paleontologlcal  evidence  indicates  the  presence  at  one  time  of  continuous 
beds  of  limestone,  which  can  with  fair  safety  be  classed  as  Miocene,  extending 
throughout  the  Philippine  Islands,  or  at  least  throughout  such  parts  of  the 
Archipelago  as  were  under  the  proper  topographical  conditions  at  the  time  it 
was  d^)osited.  A  further  study  of  broader  areas  than  this  small  Baguio  dis- 
trict is  expected  to  add  much  to  the  stratigraphic  correlation  of  these  beds. 
An  analysis  <•  of  the  white  limestone  from  the  vicinity  of  Baguio  is  as  follows: 

Analysis  of  the  limestone. 


Constituent. 

Molstore  (-110**) 

Loss  on  Ignition  (-♦-110*) 

Silica  (SiOs) 

Alumina  (AljOa) 

Ferric  oxide  ( Fe«Oi) 

Ferrous  oxide  (FeO) 

Calcium  oxide  (CaO) 

Magnesium  oxide  (MeO) 

Potassium  oxide  (KjO) 

Sodium  oxide  ( NatO ) 

Total 


Percent. 


0.16 

42.40 

1.00 

1.72 

.30 

.04 

£2.11 

.07 

.07 

.20 


00.06 


Exposures  of  what  are  undoubtedly  pyroclastlc  rocks,  now  indurated  to  a 
solid  rock  mass,  occur  in  the  Immediate  vicinity  of  Baguio  on  the  rounded  hills 
near  the  town.  The  best  exposures  of  these  are  on  the  Bagulo-Trinidad  road, 
near  Baguio.  The  rock  is  a  purple-brown  hard  and  compact  heterogeneous 
mass,  to  certain  phases  of  which  the  name  "  eruptive  conglomerate  "  has  been 
given  in  the  field.  The  name  expresses  the  rock  texture,  which  varies  from  a 
medium-grained  variety  to  one  which  Is  extraordinarily  coarse.  The  material 
Is  entirely  andesitic,  and  two  varieties  of  andesite  are  present,  differing  only 
In  their  ground  masses,  as  evidenced  chiefly  by  the  color  of  the  latter.  In  thin 
sections,  the  loose  texture  of  the  rock  is  striking,  being  merely  an  aggregate  of 
minerals,  all  of  the  grains  being  more  or  less  rounded.  The  minerals  present 
are  the  light-colored,  monocllnic  pyroxenes,  hornblende,  actlnollte,  plagloclase. 
magnetite,  and  In  areas,  olivine,  the  tuff  being  in  these  localities  more  basaltic 
than  andesitic.  The  pyroxene  is  the  most  prominent  mineral,  making  up  fully 
one-half  the  slides.  It  is  greenish-yellow  to  almost  colorless  In  various  sections, 
and  not  pleochrolc.  It  is  fragmentary,  very  irregular,  generally  rounded,  and 
shows  prismatic  cleavage. 

The  feldspar  is  almost  insignificant  in  amount,  generally  occurring  in  small 
grains.  Magnetite  is  present  in  large  amount,  being  second  only  to  the  pyroxene 
In  abundance.  The  epidote  which  occasionally  occurs  is  idiomorphic  and  can 
readily  be  distinguished  from  either  hornblende  or  pyroxene  by  the  marked 
basal  parting.  A  mlcrospherulitic  structure  of  feldspar,  quartz  (?),  and  mag- 
netite Is  noteworthy,  as  is  also  the  intergrowth  of  feldspar  and  hornblende. 

This  rock  in  addition  to  the  Baguio  outcrops,  is  very  prominently  exposed 
on  the  road  through  the  Plas  Valley  and  on  the  Copper  King  road  near  Loacan. 
Other  exposures  on  the  east  side  of  the  Antamok  River  show  that  the  forma- 
tion has  existed,  at  one  time,  over  a  greater  area  from  which  it  has  been  eroded. 
It  is  probable  that  field  work  beyond  the  district  will  also  show  this  striking 
rock. 

ORE  DEPOSITS. 

Although  the  present  paper  was  planned  as  a  contribution  to  economic  geol- 
ogy, the  study  of  the  area  has  shown  that  the  present  stage  of  development  of 
the  ore  deiK)sits  which  have  so  far  been  found  does  not  warrant  an  extended 
investigation  of  them  at  present,  nor  would  it,  under  such  circumstances,  be  of 
more  than  descriptive  value.  It  is  therefore  unnecessary  more  than  briefly  to 
touch  on  the  occurrence  of  valuable  ores  within  this  district. 


•  Made  by  L.  A.  Salinger,  Chemical  Laboratory,  Bureau  of  Science,  1906. 
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The  native  (Igorot)  has  for  a  long  time,  in  a  semiskilled  manner,  worked 
such  gold-bearing  rock  as  has  come  to  his  attention,  and  the  presence  of  the 
old  workings  naturally  led  to  their  exploitation  by  the  American  miners,  most 
of  whom  came  in  the  army  of  occupation  within  the  last  decade.  The  Baguio 
district  up  to  the  present  time  has  been  prospected  or  developed  in  three  more 
or  less  distinct  districts,  the  Kias  region,  the  Copper  King  or  Bued  River  region, 
and  the  Antamok  region.  In  all  of  these  districts,  deposits  occur,  associated 
with  the  igneous  basal  diorite  or  the  closely  connected  volcanics. 

Summary  of  tiie  Geology. 

The  geology  of  this  region  shows  that  we  have  a  basal  mass  of  dioritic  rocks 
as  the  oldest  rock  which  is  laid  bare,  and  this  may  be  accepted  as  the  beginning 
of  the  geological  history  of  Luzon,  until  further  data  are  collected  from  wider 
areas.  During  the  gradual  and  prolonged  submergence  of  this  base,  which  is 
probably  an  eroded  stump  in  the  form  of  an  islet,  the  basal  conglomerate  of  the 
Bued  River  was  laid  down  and  on  it  the  rest  of  the  series  of  sandstone  and  clays, 
in  which  so  far  no  fossils  have  been  found.  The  limestone  of  the  Bued  River 
was  built  upon  these  in  perfect  conformity,  and  all  paleontologic  and  strati- 
graphic  evidence  so  far  goes  to  show  that  this  building  occurred  during  the 
Miocene,  after  uplift  and  folding,  erosion  and  base  leveling  commenced.  Fol- 
lowing this,  or  possibly  at  the  beginning  of  the  Miocene,  that  neovolcanic  period 
began  which  also  produced  the  "eruptive  conglomerate"  and  tuffs  at  a  later 
time.  During  this  period  the  ore  deposits  which  may  have  existed  In  the  basal 
rocks  may  have  been  modified,  and  later  deposits  formed. 

To  Judge  from  the  physiographic  evidence,  there  have  been  minor  changes  In 
level.  In  addition  to  normal  base  leveling,  which  have  produced  the  topographic 
features  of  the  district. 


OOIS. 

(From  the  Far  Eastern  Review,  December,  1004.) 
THE  PHTT.TPPIHE  GOLD  MINIHO,  POWEK,  AND  DEVELOPKEHT  COXPAHY. 

From  all  indications  the  Philippine  Islands  are  very  highly  mineralized.  One 
has  but  to  follow  the  work  of  the  genuine  American  miner  and  the  investiga- 
tions of  the  mining  bureau  of  the  insular  government  to  be  convinced  of  this 
fact  Those  who  question  the  existence  of  great  and  universal  deposits  of  min- 
erals in  the  islands  are  usually  found  in  the  class  who  have  *' grubstaked  ** 
some  irresponsible  party  to  the  limit  of  a  few  hundred  dollars,  and  because 
the  alleged  miner  did  not  come  back  with  "  his  millions  "  at  once  raised  the  cry 
of  "  No  gold  in  the  Philippines." 

The  proper  and  successful  development  of  the  mining  industry  in  the  Phil- 
ippine Islands  is  not  a  "  poor  man's  proposition."  It  is  solely  dependent  upon 
the  combined  action  of  the  Government,  of  individuals,  and  of  capital.  And 
in  this  connection  it  may  be  said  that  it  is  the  unanimous  opinion  of  all  mining 
men  who  are  familiar  with  the  situation  that  no  great  progress  or  development 
of  the  quartz  mining  industry  will  ever  take  place  until  section  33  of  the 
present  mining  code  is  abolished.  The  situation  demands  a  swift  and  certain 
action  by  the  lawmakers  removing  every  influence,  condition,  and  law  which 
nulllfles  every  honest  attempt  of  American  capital  to  better  Itself,  and  In  an 
increased  ratio  the  Internal  afiTalrs  and  general  success  of  the  Philippines.  It 
is  not  derogatory  to  the  Filipino  to  say  that  he  will  not  take  up  this  Important 
branch  of  Industry  for  several  generations  to  come,  owing  to  his  lack  of  organi- 
zation and  his  training  as  a  race  along  these  lines.  In  spite  of  discouraging 
conditions  and  mining  laws  which  prospectors  and  promoters  claim  badly  cripple 
extensive  efforts,  and  In  the  face  of  repeated  predictions  of  failure,  a  number 
of  mining  companies  are  going  ahead  slowly  to  the  success  that  waits  on  long- 
continued  and  persistent  endeavor  and  concentrated  efforts  of  several  years  of 
labor  to  a  certain  end. 

The  mining  bureau,  with  the  assistance  of  Its  efficient  and  scientific  staff,  has 
done  splendid  and  useful  work  In  mineral  development.  Behind  this  branch 
of  the  Insular  government  stands  the  Bureau  of  Insular  Affairs  at  Washington, 
which  Is  doing  all  It  can  to  bring  to  the  notice  of  the  American  people  and  the 
world  at  large  these  great  resources.  Not  long  ago  It  Issued  several  official 
documents  which  are  worthy  of  careful  consideration.  On  page  82  of  The 
Philippine  Gazeteer,  published  by  the  American  Government  at  Washington, 
will  be  found  the  following  extract  under  the  head  of  "  Mineral :  "<» 

******* 

Among  the  first  miners  to  come  to  this  country  from  the  homeland  and  Alaska 
was  Mr.  H.  J.  Robinson.  Five  years  ago  he  and  a  few  other  pioneer  prospectors 
went  Into  the  Benguet  country  and  thoroughly  prospected  It.  As  a  result  of 
his  investigations  he  located  five  claims.  A  company  was  organized  as  soon 
as  the  mining  laws  were  passed.  It  Is  known  as  the  Philippine  Gold  Mining, 
Power,  and  Development  Company,  and  Is  Incorporated  under  the  laws  of  the 
Territory  of  Arizona.  The  company  raised  money  and  purchased  a  Joshua 
Hendy  ten-stamp  mill,  which  has  been  brought  to  the  Islands,  and  at  the  present 
time  Is  being  transported  from  Dagupan  to  the  company's  property,  Camp  Rob- 
inson, about  3^  miles  from  Klas,  or  Camp  No.  4,  on  the  famous  Benguet  road. 
The  officers  and  directors  of  the  company  are  Dr.  James  F.  Kemp,  of  Washing- 
ton, D.  C,  and  Manila,  president ;  Mr.  W.  S.  Gray,  secretary  and  manager,  with 
offices  In  San  Francisco;  Mr.  A.  W.  Marshal,  of  the  Southern  Paclfir  Railroad 

•  See  p.  a5. 
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Company,  vice-president;  and  Mr.  George  B.  Griswold,  of  Los  Angeles,  CaL, 
and  Mr.  John  J.  Myers,  of  San  Francisco,  Cal.,  also  members  of  the  board  of 
directors.  The  company's  claims  are  all  located  on  Batwang  Creek,  a  short 
distance  from  the  North  Batwang  River,  where  a  fine  site  is  secured  with  no 
less  than  25  miner's  inches  of  water  for  electric  power  for  the  mines,  and  also 
to  supply  Bagulo  under  contract.  The  developments  consist  to  date  of  about 
4,000  feet  of  tunnels  and  crosscuts.  No  hoisting  nor  fuel  are  needed  and  native 
labor  can  be  had  at  50  cents  per  day.  The  veins  are  between  granite  and  slate, 
with  strong  gouges  porphyry  of  1|  to  3  feet  wide  between  the  slate  and  veins. 
The  veins  are  from  100  to  800  feet  wide,  running  1,000  to  2,000  feet  or  more 
without  a  brealj,  carrying  free-milling  ore,  which  It  is  estimated  will  run  from 
$30  to  $50  per  ton,  and  some  good-sized  spots  into  the  thousands  of  dollars  a  ton. 
The  ore  reserves,  without  exaggeration,  run  into  millions  of  tons»  enough  to 
keep  the  new  ten-stamp  mill  now  on  it's  way  there  running  for  a  hundred  years. 
Along  the  same  belt  are  the  lams,  James,  Palmer,  McDonald,  Peterson,  Gold 
Dollar  Nixon,  Clark,  Gilf,  Patga,  Oregon,  Simpson,  and  other  promising  claims. 

So  far  the  largest  and  richest  quartz  veins  of  free-milling  gold  have  been 
discovered  in  the  Benguet  country.  Few  of  the  properties  already  have  ma- 
chinery and  others  are  placing  modern  stamp  mills  and  electric  plants,  using 
modem  tools  and  American  methods.  Several  hundred  American  miners  are 
in  this  district,  and  they  employ  many  natives. 

The  superintendent  of  the  property  at  the  mines  of  the  Philippine  Gold 
Mining,  Power,  and  Development  Company  is  Mr.  Harols  B.  Robinson,  a  son 
of  the  original  locator  of  the  property,  a  young  man  of  wide  and  unusual 
experience  in  practical  millwork.  The  company  has  its  own  mill  building 
practically  completed.  In  addition  it  has  an  assay  office  in  operation  with  a 
full  and  complete  equipment.  Nearby  are  quarters  for  the  Japanese  miners 
and  the  Igorot  workmen. 

The  motive  power  of  the  company's  mines  will  be  water,  thus  saving  the 
enormous  and  continued  expense  of  engines,  l)ollers,  and  fuel.  Within  100 
yards  of  the  mill  and  on  the  property  of  the  company  is  a  series  of  waterfalls 
which  never  go  dry.  This  assures  a  continuous  and  ample  supply  of  water  to 
run  an  outfit  five  hundred  times  as  large.  This  mill  would  have  l)een  in  opera- 
tion by  August  of  this  year  at  the  latest  but  for  the  rainy  season  that  came 
on  Just  as  the  promoters  were  ready  to  move  the  machinery  from  Dagupan, 
where  it  lay  since  the  latter  part  of  June  of  this  year. 

The  Benguet  road  Is  now  completed  within  3^  miles  of  the  mining  belt. 
Without  this  road  it  is  not  likely  that  a  ten-stamp  mill  could  have  been  taken 
into  that  region,  and  while  it  may  not  appear  at  his  time  to  a  thinking  ob> 
server,  it  is  nevertheless  a  fact  that  the  foresight  and  wisdom  of  building  the 
highway  into  this  remarkable  region  of  gold  and  copper  will  result  In  opening 
up  to  the  world  one  of  the  greatest  mining  regions  known.  Such  a  statement 
may  seen  extravagant  and  yet  one  has  but  to  go  to  the  property  of  the 
Philippine  Gold  Mining,  Power,  and  Development  Company.  There  he  will 
see  with  his  own  eyes  a  main  ledge  45  feet  wide,  standing  almost  perpendicular 
and  rising  from  the  water  level  at  the  mouth  of  tunnel  No.  1  to  a  height  of 
250  feet  then  making  a  slight  slope  and  shooting  up  again  to  a  height  of  fully 
2,000  feet,  the  outcropping  Just  as  wide  at  the  top  as  at  the  bottom.  This 
should  be  convincing  and  it  would  mean  that  a  tunnel  driven  1,000  feet  into 
the  mountain  at  water  level  would,  at  Its  farther  end,  have  a  body  of  ore 
2,000  feet  in  height  above  it  and  about  45  feet  wide.  Parallel  to  this  wonder- 
ful lode,  and  entirely  separate  and  distinct  from  each  other,  are  other  lodes  of 
various  width  rising  in  like  manner  from  water  level  to  crest  of  mountiiln.  You 
might  inquire  how  far  this  condition  extends.  He  who  wishes  to  Investigate 
can  follow  this  same  ledge  for  15  miles  across  the  country  to  the  east. 


(Prom  the  Far  Eastern  Review,  December,  1904.) 

GOLD  BREBOnrO  IH  THE  PHILIPPIHES. 

Of  the  many  devices  adapted  to  the  economical  operation  of  modem  mining, 
the  gold  gravel  dredge  is  in  many  ways  the  most  unique.  Operating  on  the 
same  principle  as  the  familiar  harbor  dredges.  It  combines.  In  addition,  all  the 
requisite  mechanical  devices  for  the  recovery  of  the  precious  metal  deposited 
20  to  50  feet  below  the  surface  and  converting  it  into  bullion.  In  principle,  the 
old  forty-niner,  with  his  pick,  shovel,  wire  screen,  and  shine  l>ox,  was  a  diminu- 
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tlve  dredge,  carrying  out  the  crude  operations  wliich  have  been  enlarged  upon 
and  modified  to  suit  the  application  of  machinery.  The  modem  dredge  is  built 
on  a  large  flat-bottom  scow,  capable  of  ascending  the  most  shallow  streams  or 
operating  in  the  deepest  rivers.  Briefly  described,  the  digging  apparatus  con- 
sists of  a  long  ladder-like  frame,  fitted  with  a  sprocket  wheel  at  both  ends,  the 
upper  wheel  transmitting  the  power  to  an  endless  link  belt  to  which  are  riveted 
steel  buckets  at  suitable  intervals.  Everyone  is  familiar  with  the  mechanical 
operation  of  an  ordinary  dredge  as  employed  in  harl>or  work,  and  the  same 
method  is  pursued  in  gold  dredging  to  recover  the  gravel.  Its  application  makes 
it  possible  to  bring  gravel  to  the  surface  from  a  depth  of  50  or  more  feet  and 
pass  it  through  the  other  processes  of  recovery  all  aboard  the  scow. 

The  gravel  after  being  elevated  from  the  bed  of  the  stream  or  river  is  passed 
through  a  revolving  screen,  the  coarser  parts  being  delivered  to  a  traveling 
belt  which  carries  it  out  over  the  stem  of  the  scow,  dumping  it  back  into  the 
water.  The  finer  particles  of  sand  and  gold  fall  through  the  meshes  of  the 
screen  on  to  a  series  of  shines,  where  the  gold,  by  virtue  of  its  specific  gravity, 
settles  amidst  the  riflSes,  arranged  along  the  bottoms,  while  the  fine  sand  and 
gravel  are  carried  off  by  the  current  of  water  and  pass  out  again  at  the  stem 
of  the  scow.  At  suitable  intervals  each  shine  is  cleaned  out  by  hand,  and  the 
particles  of  gold  collected  by  means  of  quicksilver.  The  latter  is  then  vola- 
tilized by  heat,  leaving  the  pure  gold,  which  is  melted  and  cast  into  bullion. 
The  entire  operation  is  carried  out  aboard  the  scow,  within  a  space  of  90  by 
45  feet 

The  cost  of  operation  is  wonderfully  low,  as  compared  with  other  methods 
of  mining.  The  compact  arrangement  of  the  plant,  use  of  gravity,  and  mechan- 
ical devices,  obviate  the  necessity  of  a  large  force,  and  two  men  for  each  eight- 
hour  shift  can  carry  out  the  entire  operation.  A  dredge,  having  a,  capacity 
of  1,600  cubic  yards  per  day,  requires  approximately  100  horsepower  to  operate 
it.  Necessary  repairs,  of  course,  also  enter  into  any  calculation  of  operating 
expenses.  A  dredge  of  t^e  above  capacity  in  California  has  been  operated  at 
an  expense  of  about  5  to  7  cents  per  cubic  yard.  At  this  low  working  cost 
the  handling  of  gravel  having  only  12  to  15  cents  per  cubic  yard  becomes  a 
profitable  undertaking. 

The  recovery  of  gold  by  dredging  was  first  successfully  worked  in  New 
Zealand,  more  than  a  dozen  years  ago,  and  the  application  of  this  method  has 
proved  so  profitable  that  at  the  present  time  over  100  dredging  outfits  are  in 
operation  in  various  parts  of  that  colony  and  Australia. 

Dredging  in  California  is  of  a  more  recent  date,  its  use  gaining  a  great  impe- 
tus after  the  passage  of  the  law  prohibiting  hydraulic  mining,  under  which 
system  vast  amounts  of  sediment  were  carried  down  the  gulches  and  deposited 
on  the  farming  lands.  There  are  now  some  30  dredges  in  operation  in  the 
State,  and  several  under  construction.  These  brief  facts  show  how  rapidly 
this  form  of  mining  has  developed  within  the  last  few  years.  Under  this 
system  workings  and  deposits  which  were  hitherto  considered  as  impossible 
and  unprofitable  have  developed  into  fine  dividend  earners,  and  the  eyes  of 
the  mining  world  have  been  directed  along  these  lines  with  increasing  interest, 
and  new  fields  are  eagerly  sought  for.  With  this  end  in  view  a  syndicate  was 
formed  in  Boston,  in  the  fall  of  1903,  to  Investigate  the  gravel  deposits  of  the 
island  of  Masbate. 

Their  engineer  and  mining  expert^  Mr.  Fred  L.  H.  Kimball,  was  sent  out,  and 
he  spent  several  months  thoroughly  drilling  and  testing  the  gravel  on  the 
property,  with  such  excellent  results  that  Immediate  steps  were  taken  on  his 
return  to  start  active  operations. 

The  Philippine  Mining  Company  was  organized  and  an  order  placed  with 
the  Rlsdon  Iron  and  I..ocomotive  Works  of  San  Francisco  for  one  of  their  most 
modem  bucket  dredges.  The  dredge  has  since  been  completed,  shipped  to  the 
Islands,  and  is  now  being  erected  on  the  property  under  the  supervision  of 
Mr.  Kimball.  Work  has  progressed  favorably,  and  we  are  informed  that  the 
dredge  will  be  In  operation  about  April  1.  So  much  confidence  Is  placed  in 
the  certainty  of  good  profitable  returns  that  several  more  dredges  will  be  ordered 
and  placed  in  operation  In  the  near  future. 

This  is  the  first  attempt  at  gold  dredging  In  the  Philippines,  and  the  venture 
Is  being  watched  with  the  greatest  Interest.  Its  success  means  the  opening 
of  a  wide  field  for  the  investment  of  capital  and  will  bring  to  the  islands  many 
new  firms  interested  in  these  lines.  Mr.  H.  D.  McCaskey,  chief  of  the  mining 
bureau,  has  rendered  great  assistance  to  the  new  enterprise,  and  the  mining 
interests  in  general  are  lending  it  the  heartiest  support  and  best  wishes. 
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(From  the  Par  Eastern  Review,  August,  1907,  p.  88.) 

GOLD  PLACEKS  OF  NTTEVA  ECIJA. 

(Edited  by  the  Bureau  of  Science,  Manila.) 

By  Maurice  Goodman. 

Ck>ld  Placers  of  Nueva  Eclja. 

The  placer  fields  of  Nueva  Eclja  are  situated  In  the  valley  of  central  Luzon 
in  the  low  and  comparatively  flat  area  east  of  the  Rio  Grande  de  Pampanga  and 
about  12  miles  east  of  Its  Junction  with  the  Rio  Chico.  The  town  of  Pefiaranda 
on  the  Cabanatuan  extension  of  the  M.  &  D.  R.  R.  is  about  6  miles  distant 
from  Seleconyat,  the  only  place  where  mining  operations  are  being  carried  on 
at  present.  These  6  miles  are  over  a  gently  rolling  grassy  plain,  uncultivated 
and  uninhabited  beyond  the  limits  of  the  town  and  its  barrios.  While  there 
are  no  wagon  roads,  there  are  several  trails,  and  over  these  wagons  can  travel 
without  much  difficulty,  during  the  dry  season,  at  least. 

The  history  of  the  district  dates  back  twenty  years  and  more.  About  1890  a 
small  company  of  foreign  business  men  in  Manila  became  Interested  In  the  re- 
ported occurrence  of  gold  in  the  soil  of  this  district,  and  learning  that  natives  by 
crudest  methods  were  each  year  extracting  quite  a  respectable  amoimt  of  the 
yellow  metal,  decided  to  investigate  further  and  for  this  purpose  sent  an  Ameri- 
can miner  to  investigate  and  report  to  them.  His  report  was  probably  en- 
couraging, for  we  learn  that  within  a  year  or  two  four  claims  were  staked  out, 
a  small  ditch  was  excavated,  and  a  crude  sluice  built.  The  returns  from  these 
operations  being  promising,  a  European  mining  engineer  was  employed  to  visit 
and  to  report  upon  the  value  of  the  property  and  the  advisability  and  best 
method  of  operating  the  mines.  Unfortunately  the  insurrection  of  1896  broke 
out  at  this  time,  and  the  engineer,  who  had  already  started  on  the  way,  turned 
back  to  Manila.  Nothing  further  was  done  on  the  claims  until  about  two  years 
ago,  when  Mr.  Fted  Dorr,  the  American  miner  who  originally  staked  and  began 
operations  on  the  claims  of  the  company,  returned  to  the  scene  of  his  early 
operations.  Mr.  Dorr  has  recently  applied  for  a  patent  to  five  claims  of  8 
hectares  each,  adjoining  the  four  pertenencias  of  6  hectares  each,  concessions 
for  which  were  granted  by  the  Spanish  Crown  in  1895.  During  the  last  two 
years,  Mr.  Dorr  has  built  a  dam  on  the  Macabaclay  Creek ;  a  ditch  about  8,000 
feet  long  and  4  feet  wide  carries  the  water  from  the  intake  at  the  dam  to  the 
sluice  gates.  The  surface  of  the  ground  is  so  uniform  and  level  that  but  five 
flumes  of  a  total  length  of  385  feet  were  necessary  to  carry  the  water  across 
the  larger  depressions  and  gullies.  As  for  the  remainder,  the  ditch  follows  a 
general  north  and  south  direction  and  in  no  place  was  it  necessary  to  cut  more 
than  6  feet  to  preserve  the  uniformity  of  the  grade,  which  is  less  than  1  per 
cent  over  the  greater  part  of  its  course.  The  intake  Is  a  box  2i  feet  high  by  4 
feet  wide  and  24  feet  long  built  Into  the  earthen  dam,  the  top  of  which  Is  about 
5  feet  above  the  top  of  the  box.  An  overflow  at  the  level  of  the  top  of  the  box 
has  been  built  to  provide  against  an  excess  of  water.  It  is  24  feet  wide  and  Is 
covered  with  inch  planks,  close  jointed  and  firmly  tied  to  posts  driven  Into  the 
ground,  so  as  to  prevent  undermining  of  the  earthworks.  The  take-off  slopes 
at  an  angle  of  12  degrees  and  leads  directly  to  Macabaclay  Creek. 

The  sluices  consist  of  25  boxes  10  Inches  high  and  18  Inches  wide,  inside 
measurement.  They  have  a  slope  of  4  inches  in  12  feet  and  terminate  in  the 
Macabaclay.  The  floor  of  each  box  consists  of  a  2-lnch  plank  of  apitong  wood, 
without  cracks  or  knot  holes,  while  the  sides,  braces,  sills,  and  other  timbers 
are  all  of  Oregon  pine. 

The  rifl3es  are  triangular  in  cross  section  and  are  made  by  sawing  diagonally 
across  a  4  by  4  inch  piece  of  Oregon  pine.  The  long  side  of  the  triangle  is 
turned  up.  Another  unusual  feature  of  the  riffles  is  that  cocoanut  matting, 
instead  of  being  placed  below  the  riffles.  Is  placed  alternately  above  and  below 
them.  The  operator  claims  that  he  finds  this  type  and  arrangement  of  riffles 
to  work  most  satisfactorily. 

Although  gold  has  been  taken  out  of  these  placer  grounds  for  several  decades 
at  least,  the  boundaries  of  the  gold  area  are  as  little  known  to-day  as  they  ever 
were.  It  is  reported  that  gold  has  been  discovered  and  washed  in  the  banks  of 
the  headwaters  of  the  Rio  Grande  about  30  miles  north  of  Pefiaranda  and  at 
other  points  intermediate.    The  same  indefinite  reports  describe  this  gold  as 
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being  in  larger  grains  than  that  found  at  Pefiaranda.  While  proof  positive  as 
to  the  origin  of  the  gold  is  lacking,  it  is  a  fair  surmise  that  it  was  derived  from 
the  older  massives  of  the  Caraballo  Sur  which  inclose  the  valley  on  the  north 
and  west.  The  character  of  the  gravel  as  well  as  the  present  drainage  system, 
which  in  its  general  direction  is  probably  the  same  to-day  as  it  was  in  past  ages, 
substantiates  this  supposition. 

From  the  topography  of  the  country  and  the  distribution  of  the  gravels  it 
would  appear  as  If  the  deposit  was  first  laid  down  either  upon  the  shores  of  a 
shallow  lake  or  upon  the  banks  of  a  very  wide  stream.  In  some  localities  beds 
of  calcareous  clay,  having  the  appearance  of  travertine,  are  to  be  found  under- 
lying the  pay  gravel ;  elsewhere  the  underlying  beds  consist  of  clay  or  sandstone 
loosely  cemented  and  sometimes  containing  pieces  of  wood  in  Incipient  petrifi- 
cation. The  bed  rock  is  undoubtedly  sedimentary  and  where  it  outcrops  in  the 
Macabaclay  It  presents  the  much  weathered  and  decomposed  appearance  of  a 
coarse  sandstone.  A  hornblende  andesite  and  a  dioritic  gneiss  outcrop  in.  small 
creek  beds  approximately  3  and  4  miles,  respectively,  southeast  from  Seleconyat, 
and  these  probably  represent  the  underlying  igneous.  Beyond  these,  owing  to 
the  thick  mantle  of  saprolite  and  the  absence  of  deep  drainage  channels,  very 
few  outcrops  are  to  be  observed  in  the  neighborhood. 

The  ditch  affords  a  good  longitudinal  section  of  the  ground,  and  the  accom- 
panying plan  shows  the  approximate  results  of  a  number  of  pan  assays  obtained 
from  the  gravel  therein,  together  with  the  thickness  of  the  beds  at  these  points. 
These  results  must  be  considered  but  coarsely  approximate,  being  obtained  by 
counting  the  number  of  colors  per  pan  and  classifying  the  colors  according  to 
size,  the  weights  and  values  of  each  of  which  were  later  averaged.  The  pay 
gravel  lies  as  a  shallow  surface  deposit  in  which  the  gold  is  disseminated  from 
the  grass  roots  down  to  a  depth  of  about  4  feet.  The  deposits  of  gravel  appear 
to  lie  in  patches,  frequently  on  the  tops  of  little  knolls,  presumably  the  uneroded 
portions  of  the  former  deposit  From  this  It  may  be  Inferred  that  the  small 
gullies  and  creeks  would  develop  richer  and  more  concentrated  gravel,  but  they 
have  not  been  prospected  and  nothing  positive  can  l>e  vouchsafed  on  this  point 

The  pay  gravel  may  ordinarily  be  recognized  by  its  brownish  color  and  by  the 
presence  of  considerable  quantities  of  quartz.  The  latter  is  in  the  form  of 
Band,  pebbles,  and  larger  masses  of  chalcedony  and  red  jasper.  Slllclfied  wood 
Is  of  common  occurrence,  and  a  few  specimens  of  chalcedony  showing  fragments 
of  coralline  structure  were  also  picked  up.  The  gold  Is  remarkably  pure,  but 
flaky  and  small,  the  largest  of  the  scales  being  only  about  2  centimeters  In 
diameter.  Apparently  the  quartz  In  the  gravel  Is  free  from  gold,  the  metallic 
particles  appearing  to  be  intimately  mixed  with  the  gravel,  but  clean  and  free 
except  for  a  small  amount  of  red  clay  which  Is  frequently  found  adhering  to 
the  larger  particles.  The  gold  from  this  region  Is  reported  to  be  958  fine, 
according  to  an  assay  made  during  the  Spanish  regime. 

One  of  the  difficulties  connected  with  sluicing  In  these  gravels  Is  the  separa- 
tion of  the  fine  gold  from  the  very  sticky  clays,  some  of  which  are  quite  rich. 
The  contour  of  the  country  Is  such  that  the  sluice  can  not  well  be  made  longer 
nor  steeper,  and  recourse  must  therefore  be  had  in  puddling.  A  wooden  box 
24  by  24  feet  will  be  constructed  for  this  purpose,  and  It  will  then  be  pos- 
sible to  save  a  large  proportion  of  the  fine  gold,  which  has  heretofore  gone  over 
the  dump  encased  in  lumps  and  balls  of  clay. 

A  more  serious  drawback  to  these  placers,  and  the  one  which  most  seriously 
interferes  with  their  economic  operation.  Is  the  lack  of  a  sufficient  and  con- 
tinuous water  supply.  At  present  sluicing  is  carried  on  only  during  the  rainy 
season,  or  from  about  the  beginning  of  August  through  December.  About  2 
miles  northwest  of  the  workings  flows  the  Rio  Chlco,  a  large  stream  running 
the  year  round,  but  at  a  level  60  to  70  feet  below  that  of  the  placer  ground. 
About  7i  miles  east  of  Seleconyat  the  Rio  Sumagbao,  which  is  the  main  branch 
of  the  Chlco,  and  also  flows  the  entire  year,  breaks  through  a  rocky  gorge. 
This  stream  would  afford  more  than  an  ample  quantity  of  water  if  it  could  be 
conducted  to  the  workings.  Its  elevation  at  the  gap.  however,  is  only  10  to  20 
feet  above  the  workings,  and  from  these  it  is  separated  by  a  broad  ridge  about 
100  feet  high.  This  gap  would  afford  an  excellent  dam  site  If  the  prospects 
warranted  the  construction  of  such  an  expensive  structure.  It  Is  only  about 
75  feet  wide,  and  Its  sides  consist  of  nearly  sheer  walls  200  feet  high  of  mas- 
sive limestone. 

An  Interesting  feature  connected  with  the  Seleconyat  placers  Is  that  platinum 
has  been  discovered  In  the  concentrates,  the  ratio,  according  to  one  assay, 
being  one-third  of  1  per  cent  of  the  metallic  product.    The  white  metallic  con- 
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centrates  showed  the  presence  not  only  of  platinum,  but  of  some  of  the  rare 
elements,  probably  iriidlum.  The  quantity  available  for  experiment,^ however, 
was  too  small  to  make  even  a  qualitative  analysis  possible.  An  effort  will  be 
made  to  obtain  a  sufficient  quantity  for  this  purpose,  and  if  successful  the  re- 
sults of  the  analysis  will  be  announced  later. 


(From  the  Far  Eastern  Review,  Julj,  1905.  pp.  11.  12,  17.) 
CAKA&IHE8  (P.  I.)  GOLD  PIELDS. 

Mr.  Frank  de  Thoma,  of  Manila,  contributes  some  interesting  early  history 
of  the  gold  fields  in  the  province  of  Ambos  Camarines,  Luzon,  which  would 
indicate  that  whatever  may  be  the  condition  of  the  gold  deposits  in  that  loca- 
tion at  the  present,  there  was  a  time  when  the  precious  metal  yielded  In 
abundance. 

After  Don  Juan  Salcedo  had  conquered  the  province  of  Laguua  in  1572,  says 
the  writer,  he  heard  there  of  some  enormous  rich  mines  in  that  section  of 
the  island  of  Luzon  which  was  afterwards  called  Camarines  Norte,  on  the  Pa- 
cific coast,  and  set  out  in  their  quest.  Undergoing  hardships  without  name  he 
arrived  at  the  place  called  Paracale  and  convinced  himself  of  the  rich  gold 
deposits  existing  there  and  which  had  been  worked  by  the  Indians. 

In  the  year  1626  the  ensign  Don  Diego  de  Espina  discovered  the  mother  lode 
of  Paracale,  which  can  be  traced  for  a  distance  of  more  than  27  miles.  Nine 
years  later,  on  April  16,  1635,  King  Philip  IV  issued  in  Madrid  a  royal  decree, 
contained  in  the  laws  of  the  Indies  in  Book  4,  Title  20,  Law  VI,  expressly  for 
these  mines,  which  went  into  force  in  the  Philippine  Islands  on  September  22, 
1636,  and  Is  as  follows: 

*'As  some  enormously  rich  gold  mines,  running  27  miles  from  the  north  to 
the  south,  have  been  discovered  in  the  Philippine  Islands,  of  which  an  assay 
has  been  made  by  washing  and  quicksilvier,  and  as  others  have  been  disc<?yered 
and  are  now  beginning  to  be  worked  by  different  persons :  It  is  our  will  that 
the  miners  of  said  Islands  enjoy  all  the  privileges  provided  for  and  established 
by  the  laws  and  ordinances.  And  the  governors  and  captain-generals  are  com- 
manded to  exercise  8i>eclal  care  that  the  same  be  observed,  and  that  the  mines 
be  worked  and  exploited  in  the  manner  most  convenient  for  our  service,  the 
increase  of  our  royal  treasury,  and  the  good  of  our  vassals." 

Later  on  it  seems  that  these  mines  did  not  produce  one-quarter  as  much  as 
at  the  time  of  their  discovery. 

At  a  distance  of  li  miles  from  Mambulao  is  a  mountain  named  Calocot, 
through  which  passes  a  rich  gold  vein  to  which  the  natives  give  the  name 
of  mother  lode  and  which  divides  Itself  in  the  middle  of  the  mountain  into 
two  veins,  one  running  to  the  east  called  the  red  vein,  owing  to  the  deep  red 
colored  gold  extracted  from  it. 

About  6  miles  from  Mambulao,  at  a  place  called  Banuet,  are  several  veins 
which  produce  a  gold  much  finer  and  purer.  The  Indians  give  the  name  of 
(^acaton  to  these  mines. 

There  Is  another  old  mine  In  Panacilaum  as  also  In  Malaquit,  which  in  olden 
times  gave  rich  product  but  are  now  abandoned. 

To  the  northeast  of  Mambulao,  distant  3  miles,  are  the  mines  of  Minala- 
payoan,  which  were  worked  before  those  of  Calocot  were  discovered. 

The  Jesuit  Father  Francisco  Colin  in  his  work,  "  The  evangelic,  ministerial, 
and  apostolic  labor  of  the  Society  of  Jesus,  etc.,  taken  from  the  manuscript  of 
Father  Pedro  Chirlno,  etc.,  Madrid,  16a3,"  says  in  Chapter  XII,  page  49. 
speaking  of  gold  in  the  Philippines,  as  follows: 

"  In  reference  to  gold,  I  am  informed  on  good  authority  that  on  an  average 
1100,000  have  been  taken  out,  and  as  this  has  taken  place  since  more  than 
eighty  years,  the  total  amount  is  a  matter  of  easy  calculation.  Before  the  dis- 
covery of  the  Islands  by  the  Si)aniards  large  amounts  were  exported  to  Asia. 
Juan  de  Barros  (a  Portuguese  historian)  says  that  a  large  quantity  of  gold 
was  taken  from  great  Leqnlo,  which  can  be  no  other  place  than  the  island  of 
Manila  or  Luzon.  On  the  other  part,  a  positive  proof  of  this  conjecture  is  the 
large  number  of  rubies  (piedras  cornerlnas)  met  with  In  this  Island  of  Manila 
in  the  gold-producing  provinces  and  those  adjoining  them,  because  they  are  not 
found  in  the  rough  state  but  finely  and  perfectly  cut,  which  is  a  sign  that  they 
came  from  other  parts,  and  the  natives  confess  that  these  stones  are  found  in 
Borneo  and  India  buried  in  the  ground.    The  probabilities  are  that  these  stones 
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were  brought  to  the  island  of  Manila  in  exchange  for  gold,  as  they  are  only 
met  with  in  provinces  where  gold  exists.  After  their  arrival  the  Spaniards 
continued  the  exploitation  of  gold,  and  to  prove  the  great  amounts  mined  it 
is  sufficient  to  give  the  statement  contained  in  a  manuscript  narrative  of  a 
serious  person — one  of  the  first  settlers — which  I  have  in  my  possession  and 
which  states  that  the  first  tribute  paid  by  the  two  provinces  of  I  locos  and  Pan- 
gasinan  amounted  to  159,500  pesos  and  that  in  1587,  in  the  nao  Santa  Ana, 
captured  by  the  Englishman  Thomas  Embleg,  this  pirate  took  3,000  taels  of 
gold  (each  $1.25)  t)elonging  to  a  resident  of  Manila,  encomendero  of  Ilocos. 
When  the  corsair  touched  the  coasts  of  ManUa  he  sent  a  courteous  note  to  the 
shipper,  telling  him  that  next  time  he  made  such  a  remittance  to  send  gold  of 
more  carats,  because  the  one  captured  hardly  had  22  carats,  which  Is  the  ordi- 
nary grade  in  these  islands  among  the  Spaniards.  The  Indians  are  satisfied  with 
lower  gold.  The  facility  with  which  the  gold  may  be  extracted  and  the  little 
cost  of  refining  must  also  be  considered,  because  all  of  It  Is  taken  by  washing 
the  sands  of  the  rivers  or  at  the  utmost  by  crushing  the  rock,  which  the 
natives  then  wash  In  wooden  cans  and  take  out  the  gold  In  dust  and  nuggets, 
which  are  afterwards  smelted.  Consequently  if  a  mine  owner  puts  in  the  morn- 
ing 15  or  20  persons  to  work,  some  of  the  laborers  dig  out  the  dirt  and  sand, 
others  attend  to  the  washing,  and  finally  some  one  melts  the  output 

"  In  this  manner  the  owner  has  at  6  o'clock  In  the  evenings  a  little  gold  brick 
for  his  trouble.  If  the  Indians  who  do  this  work  with  their  customary  lazi- 
ness, would  show  a  little  more  energy,  ambition,  and  spirit,  or  If  the  Spaniards 
would  do  the  work  with  Improved  machinery,  as  Is  done  in  other  parts,  the 
output  would  be  far  greater.  The  Indian  only  labors  in  the  diggings  when 
the  tax  collector  puts  in  his  appearance  for  the  tribute  due,  or  when  some  other 
dire  necessity  compels  him,  and  then  only  does  he  wash  what  is  precisely  nec- 
essary and  not  a  shovelful  more.  Notwithstanding  all  these  drawbacks  there 
are  still  native  traders  In  this  precious  metal  who  bring  500  and  more  taels  to 
Manila  every  time  the  galleon  sails  for  Acapulco.  A  Spanish  captain,  a  mining 
expert,  was  appointed  *  alcalde  mayor'  of  Paracale  district.  He  erected  a 
Mexican  rock  crusher  (arrastre)  and,  according  to  his  wife,  a  veracious  and 
virtuous  lady,  took  out  In  the  thirty  days  during  which  the  crusher  worked  12i 
pounds  of  gold. 

"  I  myself  heard  the  captain  say  that  the  province  abounded  In  gold  veins 
and  that  gold  was  found  everywhere.  Dirt  taken  from  any  part,  no  matter 
where,  even  In  the  street.  If  washed,  left  gold  in  the  bottom  of  the  pan. 

"  When  the  Spaniards  arrived  in  these  Islands  the  city  of  Cebu  had  a  large 
population,  and  the  port  was  much  frequented  by  ships  coming  from  other 
Islands  and  from  kingdoms  In  the  neighborhood  of  India  to  trade  for  the  gold 
of  the  mines  and  diggings  of  the  *  Plntadados,'  as  the  Vlsayans  were  named. 
Placers,  which  were  worked,  existed  In  the  Catanduanes,  Masbate,  Bohol,  and 
Butuan,  and  the  product  was  sold  In  Cebu. 

"  The  richest  mines  seem  to  have  been  those  of  Butuan.  The  chief  told  our 
fathers  (Jesuits),  when  they  went  there  to  preach  the  Gospel,  that  the  first 
Spanish  captain  to  whose  care  the  Indians  were  intrusted  In  that  locality, 
after  collecting  his  tribute,  told  Sllongans  (the  chief)  father,  then  still  cacique, 
that  It  was  necessary  to  send  a  sample  of  the  gold  as  a  present  to  the  captain- 
general  In  Manila.  The  cacique  acceded  to  his  wishes  and  forwarded  two 
hollow  bamboo  canes,  each  17  Inches  In  length  and  about  15  Inches  In  cir- 
cumference. One  contained  gold  dust  and  the  other  a  kind  of  gold  collar  made 
of  rings  Joined  together.  Thirty  years  afterwards  when  Don  Fernando  de 
Sllva  had  this  encomienda  I  heard  him  say  that  his  Indians,  so  as  to  satisfy 
their  tribute,  had  hardly  to  work  a  week,  for  such  was  the  abundance  of  gold 
In  the  Butuan  River  that  any  Indian  who  felt  inclined  to  work  could  easily 
wash  In  a  day  at  least  one  dollar's  worth  of  gold.  One  of  our  fathers  states 
that  in  another  river  of  the  Visayans  he  was  one  day  examining  stones  to  see 
If  they  could  be  used  for  building  and  broke  some  of  the  smaller  ones  In 
pieces.  He  found  In  them  specks  of  gold  In  such  an  abundance  that  his  Indian 
servant  gathered  in  less  than  half  an  hour  gold  dust  to  the  value  of  more  than 
50  cents.  This  proves  the  abundance  of  the  precious  metal  throughout  the 
countiT*  It  is  a  pity  that  notwithstanding  the  Impulse  given  by  several  gov- 
ernors the  mines  have  never  been  worked  on  any  adequate  scale  and  when- 
ever this  was  tried  It  was  always  a  failure." 

On  page  160  of  his  work,  the  same  historian  says :  "  During  the  government 
of  D,  Alonzo  Fajardo,  D.  Francisco  Carefio,  governor  of  the  provinces  of  Pan- 
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gasinan  and  IIocos,  made  In  1623  an  expedition  to  the  mountains  of  those 
provinces  for  the  purpose  of  subduing  the  Igorots  and  discovering  their  gold 
mines,  but  the  expedition  was  an  absolute  failure. 

"After  penetrating  the  mountains  for  seven  days,  on  the  eighth  day  It  was 
ambushed,  the  commander  Icllled,  and  the  troops  and  Indian  auxiliaries  put 
to  flight  In  1634  D.  Alonzo  Martin  Quirantes  took  command,  and  after  hard 
fighting  reached  the  place  where  Valdez  had  met  his  death  the  year  before, 
but  as  at  that  time  the  captain-general  died,  the  troops  were  recalled,  and  in 
consequence  all  the  results  accomplished  lost" 

Antonio  Pigafeto,  In  his  narrative,  speaking  of  gold  in  the  Butuan  River, 
Mindanao,  says :  **  In  this  place  exists  so  much  gold  that  nuggets  are  found 
In  the  crevices  of  the  rocks  the  size  of  walnuts.  All  the  king's  utensils  are 
made  of  gold.  He  has  two  large,  heavy  gold  earrings,  and  the  handles  of  the 
weapons  are  generally  of  gold."  Forty  years  after  Plgafeto's  visit  when 
Butuan  was  conquered,  the  Spaniards  found  large  quantities  of  gold  not  only 
In  the  crevices  of  the  rocks  but  also  in  the  bottom  of  streams  and  rivers. 

During  the  govemshlp  of  Don  Pedro  Manuel  de  Arrandia,  a  Spanish  gentle- 
man, Don  Francisco  de  Estorga  obtained  a  concession  to  work  mines  in  the 
Paracale  district.  He  opened  five  new  veins,  the  San  Nicolas  de  Tolendino, 
In  the  Llpa  Mountains,  Nuestra  Seflora  de  la  Soleda,  In  the  Debojan  Moun- 
tains, San  Francisco,  In^  the  township  of  San  Antonio,  Las  Animas  en  Llpara, 
and  Nuestra  Seflora  de  los  Dolores,  In  the  Minapa  Mountains ;  all  close  to  the 
village  of  Mambulao.  But  due  to  legal  difficulties,  lack  of  machinery,  and 
experienced  miners  he  had  to  abandon  the  enterprise. 

As  late  as  1803  a  company  called  "  The  Philippine  Mineral  Syndicate  "  was 
formed  in  London,  EiUgland,  to  work  also  the  Mambulao  mines,  but  for  some 
reason  or  another  neither  seem  to  have  succeeded. 

What  black  spell  is  it  which  hangs  over  the  Paracale  mines? 


(From  the  Far  Eastern  Review,  June,  1907 — Illustrated  Philippine  Mining  Edition.) 
HISTORY  OF  PLACEK  MIHIHQ  IH  THE  CAXA&IHES. 

Whatever  may  be  the  respective  merits  of  the  dlflPerent  districts  of  the  Philip- 
pine Islands  as  to  the  quality  and  quantity  of  valuable  mineral  deposits,  the 
supremacy  of  Camarlnes  Norte  as  a  rich  field  for  historical  research  In  mining 
lore  can  hardly  be  disputed. 

There  are  abundant  proofs  at  hand  that  both  Its  lodes  and  its  placer  deposits 
have  yielded  profitable  returns  for  several  centuries.  E3ver  since  the  Argonauts 
set  out  upon  the  search  for  the  Grolden  Fleece  there  has  been  a  glamor  about 
gold  hunting  that  lends  Itself  readily  to  exaggerated  speech  In  dwelling  upon  the 
glories  of  this,  that,  or  the  other  Eldorado.  Due  allowance  must  be  made  at  all 
times  In  dealing  with  the  tales  of  prospectors  who  see  through  rose-colored 
spectacles.  Be  this  as  It  may,  there  Is  abundant  material  for  speculation  and 
comment  to  be  found  In  the  mining  districts  of  Paracale  and  Mambulao,  lying  on 
the  northeast  coast  of  the  subprovlnce  of  Camarlnes  Norte.  Here,  centuries  ago, 
the  natives  were  **  gophering  "  out  with  their  simple  tools  the  hearts  of  the  free 
gold  veins  and  washing  out  the  alluvial  deposits  from  the  streams  with  their 
wooden  dishes  (pablrlcs)  with  a  skill  not  excelled  anywhere  in  the  world. 

Mr.  Richard  von  Drasche,  a  German  geologist  who  has  done  some  field  work 
In  the  Islands,  and  who  has  published  important  papers  upon  Philippine  geology, 
states  that  at  the  time  of  his  visit  to  Mambulao  and  Paracale  there  were  over 
700  natives  working  the  placer  deposits  for  gold.  It  was  estimated  by  a  Spanish 
governor  of  Manila  of  the  seventeenth  century  that  the  annual  output  of  gold 
from  Camarlnes  Norte  was  about  $200,000.  This  seems  well  within  possibility 
and  is  an  indication  of  what  was  yielded  to  native  methods.  The  natives  in  no 
part  of  the  islands  have  been  able  to  dredge  or  sluice,  nor  have  they  penetrated 
more  than  50  or  100  feet  Into  the  rock  at  any  place. 

Before  the  advent  of  the  Spaniards  in  these  islands,  the  gold  won  found  its 
way  into  China  through  the  medium  of  Chinese  traders  who  visited  these  shores 
in  their  Junks.  This  mining  section  was  also  a  favorite  raiding  ground  for 
hordes  of  Moro  pirates,  attracted  thither  by  the  gold.  The  early  Spaniards, 
finding  the  richest  of  the  alluvial  deposits  worked  out,  "  Impressed  "  the  native 
miners  and  started  work  on  numerous  veins.    Here  again,  In  most  Instances, 
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the  natives  had  been  ahead  of  them.  With  small  shafts  and  drifts  they  had 
extracted  the  payable  oxidized  ore.  Water  and  the  changeable  character  of 
the  ore,  together  with  the  want  of  pumps,  formed  always  an  unsurmountable 
barrier  to  further  progresa  Nevertheless  some  of  these  reefs  were  worked  by 
the  Spaniards  in  a  primitive  fashion — ^using  "arrastres"  for  crushing.  This 
device  was  introduced  from  Mexico,  and  consisted  of  two  or  more  heavy  drags 
of  stone  slowly  pulled  around  on  a  stone  bed,  the  ore  being  ground  under  them. 
The  motive  power  was  a  bullock  and  the  crushing  capacity  of  such  a  machine 
was  from  1  to  3  tons  per  day.  By  this  method  considerable  gold  was  taken  out, 
which  formed  the  foundation  of  the  fortunes  of  numerous  Spanish  and  Mestizo 
families. 

Back  in  those  days,  according  to  accounts  more  or  less  reliable,  the  town  of 
Mambulao,  which  lies  on  a  sheltered  deep-water  harbor,  was  the  second  city 
of  the  archipelago  with  something  like  60,000  Inhabitants.  To-day  the  entire 
municipality  numbers  perhaps  1,500  souls. 

One  of  the  evidences  of  the  town's  former  greatness  is  to  be  found  in  the  old 
"Moro  fort"  (for  protection  against  those  venturesome  Mohammedan  pirates 
of  the  south),  the  ruins  of  which  are  still  to  be  seen  on  the  outskirts  of  the 
settlement 

Prior  to  1894  Camarines  Norte. was  the  scene  of  great  activity  In  mining 
among  the  natives,  but  in  that  year  the  Spanish  Government  prohibited  the 
Industry  to  the  natives,  and  it  was  this  prohibition  which  accounts  for  the 
present  quiescent  condition,  now  Just  about  to  be  broken  up. 

The  nestor  of  mining  In  this  district  is  undoubtedly  Pegerto  L.  Somoza,  a 
Spaniard,  who  has  resided  in  Camarines  Norte  for  more  than  a  quarter  of  a  cen- 
tury. With  a  zeal  that  never  flags  and  the  enthusiasm  of  a  schoolboy,  "  Don 
Pegerto,"  as  he  is  familiarly  known,  has  labored  unceasingly  for  the  promotion 
of  the  interests  In  which  his  faith  has  never  faltered,  notwithstanding  continued 
years  of  reverses.  He  has,  during  both  Spanish  and  American  sovereignty, 
been  a  contributor  to  the  press  of  articles  upon  the  resources  of  his  beloved 
adoDted  country.  His  mineral  collections  have  been  the  admiration  and  envy 
of  all  miners  and  he  was  largely  responsible  for  an  exhibit  of  specimens  from 
the  Camarines,  by  no  means  to  be  despised,  which  was  displayed  at  the  St. 
Louis  Exposition. 

The  following  clipping  from  an  article  published  several  years  ago  in  a 
Spanish  newspaper  of  Manila  as  a  contribution  from  Sr.  Somoza  gives  a  good 
insight  into  the  flush  days  in  Camarines  Norte  before  "  the  prohibition :" 

"  In  order  to  give  a  greater  number  of  details  which  may  be  of  some  useful- 
ness to  future  development  enterprises,  we  will  cite  some  analyses  and  tests 
made,  dividing  them  into  two  periods;  one,  of  the  clandestine  mining  which 
the  natives  used  to  carry  on  In  Camarines  Norte  up  to  the  year  1894,  the  date 
of  the  prohibition  and  the  other,  for  eight  years  past,  the  European  system, 
with  more  skill  and  capital,  and  therefore  more  scientific  analyses. 

"  Of  the  first,  or  the  mining  of  the  native  with  his  primitive  system,  we  know 
that  from  the  mine  located  on  the  mountain  called  "  Saltaas  nang  Bayang"  they 
extracted  a  great«deal  of  rich  mineral  during  a  considerable  space  of  time,  the 
activity  which  that  bonanza  produced  being  so  great  that  in  the  early  morning 
the  greater  part  of  the  people  of  the  pueblo  gathered  beside  the  mouth  of  the 
mine.  The  women  carried  their  different  native  foods  for  the  breakfast  of  the 
miners,  asking  in  payment  for  this  food  a  piece  of  quartz  or  a  handful  of  grit 
from  that  gouged  from  the  heart  of  the  vein,  particularly  rich.  Generally  they 
were  dalagultas  (maidens),  those  who  used  to  carry  their  little  movable  tlenda 
of  food,  which  the  young  men  saw  with  great  pleasure,  and  reciprocated  gal- 
lantly, paying  the  girls  with  a  rich  fragment  of  quartz  from  which  some  of  them, 
grinding  It  at  once  by  hand,  used  to  extract  a  half  peso,  a  peso,  and  at  times 
more.  We  have  seen  one  fragment  of  2  pounds  weight  paid  in  exchange  for 
a  breakfast  by  a  youth  to  a  graceful  maiden,  which,  being  worked  out,  gave  an 
ounce  and  a  half.  Take  into  account  that  in  this  class  of  clandestine  mining 
generally  all  the  miners  were  partners;  for  this  reason  and  being  prosperous 
they  got  rid  of  the  mineral.  At  the  side  of  this  mine  there  were  a  number  of 
mills  (arrastres)  moved  by  carabaos  In  order  to  grind  the  mineral.  At  the  side 
of  this  arrastre  they  used  to  lead  down  the  supply  of  water  necessary  to  com- 
plete the  second  part  of  the  working,  which,  with  their  pabiric  and  finally  the 
dulanga  they  carried  to  a  finish,  cleaning  up  the  gold  of  the  day  with  this  latter 
apparatus  In  order  to  divide  it  among  them,  sometimes  In  dust,  and  other  times 
melted  down. 
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"  In  other  mines  they  divided  the  mineral  tak^i  out  by  means  of  baskets. 
The  unit  which  was  used  for  counting  it  is  the  cazon.  Its  equivalent  is,  on  the 
average,  one-tenth  to  perhaps  one-eighth  of  a  ton.  The  mineral  of  this  mine 
used  to  give  from  2  ounces— the  poorest — up  to  10,  the  richest  The  depths  at 
which  they  extracted  this  mineral  were  from  14  to  15  varas  (a  vara  Is  2.78 
feet). 

"  From  another  mine  which  they  used  to  work  on  Mount  Bulalacao  they  ex- 
tracted extremely  rich  mineral,  whose  average,  according  to  the  samples  we 
have  seen  assayed,  was  5  ounces  to  the  ton  at  a  very  small  depth. 

"  From  another  which  they  used  to  work  on  Mount  Togos  we  saw  assays 
which  gave  7  ounces  to  the  ton. 

"From  other  mines  which  they  worked  in  the  mountains  of  Casalogan  we 
witnessed  assays  (and  we  still  preserve  some  mineral  from  there)  which  gave 
the  amount  of  24  ounces  to  the  ton ;  this  mineral  was  extracted  at  a  depth  of 
42  feet 

"  From  the  one  at  Manauc  they  took  out  a  proportion  so  enormous  that  they 
sold  a  basket  of  mineral,  which  would  weigh  not  more  than  3  arrobas,  for  $500 
silver,  before  grinding  it  and  Just  as  they  extracted  it,  a  class  of  sales  which 
was  of  ancient  custom  among  those  particular  miners. 

"  We  have  seen  ground  a  fragment  of  quartz  from  one  of  these  mines  of  2 
pounds  weight  and  it  gave  4  ounces  of  gold.  *Take  into  account  that  the  native 
generally  did  not  work  more  than  the  heart  of  the  vein,  despising  the  rest 

"  Some  reader  will  argue :  If  there  is  so  much  gold,  why  are  the  natives  so 
poor?  To  this  reader  I  am  going  to  relate  an  anecdote  of  what  occurred  to  me 
In  1894.  I  was  at  the  side  of  one  of  the  best  experts  of  those  pueblos  and  he 
was  relating  to  me  that  of  the  rich  mineral  which  he  was  cleaning  up  at  that 
time  there  was  extracted  from  his  mine,  discovered  by  his  father,  from  a  single 
shaft  of  some  hundred  feet  in  depth,  more  than  $14,000  gold.  Lamenting  to 
me  that  he  had  to  work  as  a  day  laborer  after  having  taken  out  so  much  gold, 
I  asked  him :  '  But,  man,  thou  who  hast  taken  out  so  much  gold  from  the  mine 
which  thy  father  discovered,  why  dos't  thou  not  guard  it  and  keep  thyself  in 
thy  old  age  from  having  to  work  at  day  labor?'  Answer.  *0h,  sefior!  It  is 
true,  but  I  had  the  consolation  of  playing  up  to  $300  on  a  rooster.'  The  reader 
can  deduce  the  consequence ;  they  seem  inseparable,  mining  and  the  vices. 

**  Of  the  second  period,  that  is  of  the  Europeans,  we  have  witnessed  analyses 
made  by  the  engineer,  Mr.  Simpson,  whose  result  was  from  3  to  8  and  9  ounces 
to  the  ton. 

"  There  were  other  assays  in  the  Guiuobatan  establishment  which  gave  2  and 
4  ounces  In  two  classes  of  mineral. 

"  Another  assay  made  by  the  engineer,  Mr.  Williams,  gave  9i  ounces  to  the  ton. 

*'  And  we  have  in  view  another  analysis  of  the  last  Spanish  municipal  labora- 
tory which  gave  as  a  result  the  enormous  figure  of  5  grammes  422  mlligrammes 
to  the  kilogram  of  mineral. 

**  The  gold  in  Paracale  and  Mambulao  is  found  in  pockets  more  or  less  great 
and  disseminated  in  veins  of  crystallized  quartz  or  in  mass,  generally  ac- 
companied by  Iron  pyrites,  and  sometimes  copper,  blend,  variegated  copper, 
galena,  and  even  with  beautiful  orange-colored  crystals  of  lea^  chromate.*' 

During  the  early  nineties  European  mining  men  and  foreign  capital  began  to 
be  attracted  to  the  Camarines  for  Investment.  Several  companies  acquired 
concessions  in  Paracale  and  Mambulao,  the  most  notable  among  them  being  the 
Philippines  Mineral  Syndicate,  Limited,  a  British  concern  which  had,  however, 
a  considerable  number  of  shareholders  residing  In  the  Islands.  It  Is  common 
report  that  this  company  spent  £60,000  on  Its  quartz  properties,  and  this  can 
well  be  believed  from  the  evidences  still  visible  to  the  eye  in  the  shape  of 
ruined  machinery  and  equipment  scattered  over  the  country. 

Operations  were  carried  forward  on  a  large  scale.  Several  different  mines 
were  opened  up  and  expensive  machinery  imported  from  England.  There  seems 
to  have  been  a  most  extraordinary  combination  of  bad  management  and  111 
luck  for  a  period  of  several  years,  during  which  time  the  syndicate  managed  to 
sink  a  very  large  sum  of  money. 

Finally,  at  a  time  when  the  principal  development  work  on  the  properties  was 
well  along  and  machinery  was  Installed  ready  to  stamp  out  golden  returns,  the 
Philippine  Insurrection  of  1896  broke  out.  The  English  engineers  in  charge  fled 
for  their  lives  and  machinery  and  mine  workings  alike  fell  into  disuse  and 
decay. 

On  Longos  Point,  overlooking  the  Pacific  Ocean,  a  short  distance  from  the 
town  of  Paracale,  a  Eraser  &  Chalmers  ten-stamp  mill  had  been  set  up,  and 
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to-day  the  forlorn  remains  of  a  full-fledged  mining  plant  can  be  seen — the  iron 
roof  of  the  mill  house  fallen  in,  the  timbers  dropping  apart,  the  boiler  and 
engine  scaling  to  pieces  from  exposure  to  tropical  climate.  The  copper  plates 
of  the  mill  and  the  iron  rods  set  in  the  timbers  have  long  ago  disappeared* 
carried  off  by  vandals  to  reinforce  and  sheath  their  boats. 

Scarcely  a  native  in  the  Camarines  but  knows  of  the  famous  Tumbaga  mines 
in  the  Mambulao  district.  Here  may  be  seen  the  rust-covered  iron  of  a  Hunt- 
ington mill,  engine,  and  boiler,  pumping  and  hoisting  apparatus,  all  of  the 
most  expensive  make  and  all  unfitted  for  use  from  long  exposure  to  the 
elements. 

Prior  to  "  the  prohibition  "  of  1894  the  Tumbaga  mines  were  worked  by  the 
natives,  and  on  every  hand  are  to  be  heard  stories  of  their  rich  stores  of  metal. 

Not  long  ago  the  writer  was  talking  of  mining  in  the  Camarines  with  an 
aged  Filipino  priest,  a  patriarch  of  three-score  years  and  ten  who  has  spent 
all  of  his.  life  In  that  region.  After  discussing  various  properties  the  old  man 
observed  with  a  sigh:  "Ah,  Sefior,  but  Tumbaga  was  the  king  of  them  all. 
When  I  was  a  young  man  I  used  to  work  all  day  long  with  my  duties  at  the 
church  and  then  I  went  to  Tumbaga  and  worked  all  night  long  In  the  mines." 

But  It  was  not  alone  from  the  lodes  of  Mambulao  and  Paracale  that  the 
miners  of  the  **  European  period  "  of  the  early  nineties  were  preparing  to  rob 
mother  earth  of  her  treasures.  The  general  Impression  now  exists  that  prior 
to  the  placing  of  a  Rlsdon  dredge  on  the  Gulnobatan  River  In  Masbate  In 
1905  by  an  American  corporation  gold  dredging  was  unknown  In  the  Philippines. 
Not  so.  In  1896  a  company  of  Manila  Spaniards,  represented  by  Sefior  Somoza, 
constructed  a  small  bucket  dredge  and  put  It  to  work  In  the  golden  sands  of 
the  Paracale  River. 

The  dredge  would  be  considered  a  Lilliputian  to-day.  Its  construction  was 
crude  and  It  had  only  4  or  5  horsepower.  Its  capacity  could  not  have  been 
over  15  or  20  cubic  yards  a  day.  It  did  not  even  handle  its  own  dirt.  This 
was  dumped  Into  bancas  and  conveyed  to  a  puddling  mill  which  still  stands  on 
the  south  bank  of  the  river,  opposite  the  town  of  Paracale.  Notwithstanding 
these  drawbacks  the  dredge  bid  fair  to  reap  a  fortune  for  Its  owners,  but  for 
the  fact  that  Its  career  was  nipped  in  the  bud  by  the  insurrection  which  prac- 
tically wiped  out  all  mining  operations  in  the  Camarines. 

To-day  the  dredge  stands  rotting  on  an  island  in  the  river,  a  ghastly  monu- 
ment to  the  untiring  search  for  gold  which  has  lured  the  Spaniard  to  every 
quarter  of  the  globe. 

For  several  years  following  the  outbreak  In  1896  mining  In  the  Camarines 
was  dead.  War  followed  insurrection,  and  It  was  not  until  after  the  passage 
of  the  act  of  Congress  of  July  1,  1902,  embodying  the  new  mining  law  for  the 
Philippines  that  there  were  any  signs  of  a  revival  of  Interest. 

The  local  representatives  of  the  old  Philippines  Mineral  Syndicate  began  to 
take  steps  for  saving  what  they  could  from  the  wreck.  A  German  syndicate, 
which  had  a  large  Spanish  concession  known  as  **  La  Candelarla,"  began  to 
bestir  Itself.  American  prospectors  drifted  into  the  Camarines  and  made 
locations. 

At  first  there  were  symptoms  of  trouble,  due  to  a  conflict  of  interests  as 
between  rights  acquired  under  the  old  Spanish  law  and  those  secured  under  the 
new  American  law.  Sefior  Somoza  was  an  active  flgure  In  smoothing  out 
these  differences.  So  was  Francisco  Eco,  a  good  type  of  the  Intelligent  and 
progressive  Tagalog  of  the  provinces,  formerly  presldente  of  Paracale  and 
now  hemp  buyer  In  that  section  for  the  well-known  firm  of  Stevenson  &  Co. 

Mr.  H.  D.  McCaskey,  formerly  chief  of  the  mining  bureau,  In  his  last  annual 
report  has  the  following  to  say  regarding  mining  conditions  In  the  Camarines: 

"  In  Camarines  Province  the  Spanish  concessions  upon  the  extensive  gold 
deposits  In  the  districts  of  Paracale  and  Mambulao  have  been  largely  relocated 
by  American  mining  men  under  present  laws  and  without  friction  with  the 
former  concessionaires,  and  some  work  has  been  done  In  the  reopening  of 
abandoned  shafts  and  In  preparation  for  future  systematic  development.  The 
Important  ore  bodies  of  this  district  are  reported  to  be  contact  deposits  between 
crystalline  schists  and  dlorlte,  and  to  be  well  defined  so  far  as  uncovered.  The 
contact  Is  reported  as  traced  for  20  miles,  and  along  this  all  mining  In  this 
field  has  been  done.  Two  vein  systems  Intersect  each  other  through  the  dis- 
trict approximately  at  right  angles,  the  enrichment  at  some  Intersections  having 
been  reported  upon  as  developing  exceedingly  high  values.  The  strike  of  the 
most  marked  vein  outcrops  varies  between  5  to  40  degrees  east  and  the  dip  Is 
reported  to  be  southeast.  The  veins  are  reported  to  be  1  to  8  feet  wide  and  the 
vein  filling  to  be  quartz.    Deep  mining  will  probably  Involve  pumping  expenses 
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of  no  mean  consideration,  bnt  it  is  understood  that  mnch  valuable  ore  may  be 
taken  out  before  this  expensive  stage  of  mining  is  begun.  It  is  fully  believed 
that  the  deposits  are  worth  the  attention  of  competent  mining  engineers,  re- 
tained by  sufficient  capital  to  work  these  mines;  but  in  the  meantime  a  pre- 
liminary step  will  be  taken  this  year  In  a  careful  study  of  this  field  by  the 
detail  of  Mr.  Eveland,  geologist,  to  the  work  of  a  reconnoissance  and  the  prepa- 
ration of  a  general  report  upon  the  ore  bodies  themselves,  and  possibly  by  the 
further  detail  of  Mr.  Maurice  Goodman,  field  assistant,  to  a  careful  survey  of 
the  placer  fields  of  the  Paracale  and  Malaguit  rivers.  Reported  assays  from 
this  district  have  averaged  $20.92  in  gold  to  the  ton  for  the  *  San  Maurico,'  a 
representative  group  of  claims  covering  deposits  of  partially  refractory  ore, 
and  this  for  a  large  amount  of  systematic  sampling  reported  by  five  different 
mining  engineers.  Assays  of  the  *Tumbaga,'  a  free-milling  gold-quartz  vein 
upon  which  a  ten-stamp  mill  will  probably  be  erected  in  February  of  next  year, 
have  given  exceedingly  rich  returns,  but  as  the  sampling  has  been  less  carefully 
done  upon  this  vein,  it  would  serve  no  good  purpose  to  quote  values  here. 

"The  ores  are  described  as  sulphides  of  iron,  copper,  lead,  and  zinc,  com- 
plex auriferous  smelting  ores  in  part  and  in  part  suitable  for  milling  and 
cyanidation  or  chlorination.  The  placers  have  yielded  important  amounts  of 
gold  in  the  past,  some  of  the  nuggets  being  unusually  large.  While  it  may  l>e 
somewhat  doubtful  whether  sufficient  ^Ich  placer  ground  remains  for  panning 
or  sluicing  methods,  recent  samples  of  gravel  from  the  river  beds  indicate 
that  dredger  work  here  would  pay.  The  average  of  nineteen  samples  of  gravel 
rec«itly  taken  by  Mr.  Robert  Llenau  from  the  Malaguit  River  and  examined 
by  Mr.  H.  M.  Ickis,  field  assistant,  shows  a  value  of  16  cents  to  the  cubic  yard. 
It  is  anticipated  that,  notwithstanding  mistakes  that  may  have  been  made  in 
the  rather  extensive  development  of  the  presumably  rich  ore  deposits  of  this 
district  in  the  past,  the  gold  ores  of  Paracale  and  Mambulao,  together  with  the 
placer  fields  are  most  decidedly  to  be  reckoned  with  in  future  work." 

To-day  the  most  prominent  figure  in  the  mining  district  of  Paracale  and 
Mambulao  Is  A.  J.  MacDonald,  the  representative  of  a  considerable  number  of 
Americans  and  Filipinos  who  have  interests  there.  MacDonald  is  a  typical 
American  pioneer.  Schooled  in  the  mining  districts  of  Washington  and  British 
Columbia,  then  a  volunteer  soldier  in  the  army  which  occupied  the  Philippines, 
later  chief  of  the  secret  service  of  the  customs  service  and  again  special  cus- 
toms agent  on  hazardous  duty  among  the  Moro  smugglers  of  the  southern 
islands,  his  is  an  interesting  career.  For  the  past  three  years  he  has  lived 
continuously  In  Mambulao  and  Paracale,  being  at  times  the  only  white  man 
there. 

Recently  but  little  has  been  heard  by  the  general  public  of  mining  in  the 
Camarines.  A  considerable  number  of  Americans  and  Filipinos  have  claims 
there,  but  they  have  done  but  little  more  than  prospect  and  keep  up  their 
assessment  work.  The  need  of  large  capital  to  take  hold  has  been  recognized 
and  persistent  although  conserNative  efforts  have  been  made  to  attract  it. 

The  first  tangible  fruits  of  this  work  of  promotion  is  to  be  seen  in  an  enor- 
mous gold  dredge  which  is  now  being  constructed  for  use  on  the  Paracale  River. 
After  long  negotiations  the  Americans  and  Filipinos  who  control  this -tract 
of  placer  ground  succeeded  in  interesting  a  group  of  New  Zealand  capitalists, 
who  about  a  year  and  a  half  ago  sent  over  a  mining  engineer  to  test  the  de- 
posits with  boring  apparatus.  This  expert  spent  about  four  months  on  the 
ground  making  tests  as  a  result  of  which  the  New  Zealanders  entered  into  a 
contract  with  the  owners  of  the  claims  to  dredge  them  on  shares. 

New  Zealand  Is  the  home  of  gold  dredging,  and  the  fact  that  some  of  the 
leaders  in  this  class  of  mining  are  giving  such  material  evidences  of  their 
faith  in  the  district  speaks  volumes  for  the  future  of  this  class  of  Industry 
in  the  Camarines.  The  dredge,  which  Is  by  far  the  largest  set  up  In  the  islands, 
has  a  dally  capacity  of  2,000  cubic  yards.  The  hull  is  113  feet  long  by  29  feet 
6  inches  wide  and  is  5  feet  6  inches  deep  at  the  bow  and  8  feet  9  inches  at  the 
stem.  The  dredging  ladder  Is  52  feet  long.  About  70,000  feet  of  Oregon  pine 
has  been  used  In  the  construction  of  the  barge. 

Specially  constructed  sluice  boxes,  80  feet  long,  have  been  placed  on  the 
dredge  to  save  the  gold-bearing  black  sand  found  in  the  Paracale  River. 

The  dredging  machinery  arrived  from  New  Zealand  last  January  and  was  at 
once  forwarded  to  Mercedes,  Ambos  Camarines,  where  the  dredge  is  being  con- 
structed under  the  supervision  of  Mr.  Joseph  Pearson,  an  expert  dredge  builder 
of  Dunedin,  New  Zealand.  Mercedes  was  selected  as  the  site  for  the  construc- 
tion work  by  reason  of  the  superior  advantages  it  offers  over  Paracale  in  the 
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way  of  transportation  facilities  from  and  mail  communication  with  Manila. 
After  being  completed  the  dredge  will  be  towed  from  Mercedes  for  some  20 
miles  up  the  coast  to  the  mouth  of  the  Paracale  River. 

Although  the  machinery  came  from  New  Zealand,  all  of  the  lumber  for  con- 
structing the  barge  and  all  the  hardware  supplies  and  provisions  have  been 
purchased  through  local  dealers  in  Manila  at  an  outlay  of  many  thousands  of 
dollars.  Outside  of  a  few  skilled  mechanics,  experts  in  this  class  of  construc- 
tion, only  native  labor  is  being  used  in  building  the  dredge. 

The  dredge  is  nearlng  completion  and  it  is  expected  that  it  will  be  chewing 
up  dirt  in  the  Paracale  River  not  later  than  the  1st  of  next  July. 

While  the  dredge  for  the  Paracale  River  is  the  first  visible  result  of  the  con- 
sistent promotion  work  carried  on  by  the  claim  owners  In  the  Paracale  and 
Mambulao  district,  it  is  prophesied  thnt  the  present  year  will  see  other  im- 
portant enterprises  under  way,  not  only  in  placer  but  in  lode  mining. 

The  old  Candelaria  concession,  formerly  held  by  a  German  syndicate,  is 
now  controlled  by  Dr.  J.  R.  McDill,  the  well-known  surgeon  of  Manila,  and  a 
party  of  friends.  Doctor  McDill  is  now  In  the  United  States,  and  among 
other  business  to  have  his  attention  there  it  is  commonly  reported  that  he  will 
close  a  deal  which  will  mean  the  opening  up  of  Candelaria  on  a  large  scale. 

Without  discussing  technically  the  richness  and  extent  of  the  mineral  deposits 
of  Mambulao  and  Paracale,  It  Is  apparent  even  to  a  novice  that  the  whole  coun- 
try Is  heavily  mineralized.  There  are  showings  everywhere.  Excepting  tin 
and  platinum,  practically  all  the  better-known  minerals  are  found.  There  are 
even  large  deposits  of  kaolin  and  mineral  paint. 

The  geological  formations  of  this  district  are  almost  entirely  eruptive,  and 
consist  of  a  coarse  granitoid  gneiss,  except  In  a  limited  section  which  carries 
sedimentary  limestones.  The  veins  run  generally  In  a  northeast  and  south- 
west direction. 

The  whole  country  Is  thickly  wooded,  furnishing  an  abundant  supply  of  fuel 
and  timber.  There  Is  also  plenty  of  water  for  milling  as  well  as  for  domestic 
purposes. 

There  are  no  difficulties  of  transportation,  since  the  most  of  the  properties 
which  are  known  to  be  valuable  are  close  to  the  seacoast.  At  Mambulao  there 
is  a  fine  deep-water  harbor,  and  the  Malaguit  River  is  navigable  for  inter- 
island  steamers  of  moderate  draft  up  to  the  settlement  of  Malaguit,  less  than 
a  mile  distant  from  the  town  of  Paracale. 


(From  the  Far  Eastern  Review,  June,  1907— Illustrated  Philippine  Edition.) 
THE  PEI^ABANDA  PLACSB  FIELDS. 

About  15  miles  northeast  of  San  Isldro,  the  capital  of  Nueva  Ecija,  and  5 
miles  east  of  the  pueblo  of  Peflaranda,  lie  the  placer  fields  of  the  province  of 
Nueva  EiClja*  T^lttle  development  work  has  been  done  outside  the  ditching  and 
sluicing  by  Fred  L.  Dorr,  the  pioneer  prospector  and  miner  of  that  region.  In 
all  Mr.  Dorr  has  eight  claims  prospected  more  or  less.  He  has  provided  a 
ditch  from  a  branch  of  the  Rio  Chlco  to  the  claims,  a  distance  of  1  mile.  Every 
rainy  season  for  the  last  two  years  some  gold  has  been  taken  out,  but  unfortu- 
nately the  sluicing  outfit  could  not  survive  the  yearly  flood.  Mr.  Dorr  ex- 
presses himself  satisfied  with  the  prospects  for  placer  mining,  and  Is  preparing 
to  make  extensive  Improvements  of  a  more  permanent  nature.  No  definite  data 
could  be  secured  as  to  the  actual  amount  of  gold  taken  out  from  these  work- 
ings. 

Besides  the  Dorr  group,  Messrs.  Sprungll  &  Co.  have  four  claims  in  this  re- 
gion, but  no  perceptible  development  has  been  done  on  their  property. 


(From  the  Far  Eastern  Review,  July,  1907,  p.  56.) 

CAHAKINEB  GOLD  FIELDS. 

(Edited  by  the  Bureau  of  Science,  Manila.) 

By  H.  M.  ICKis. 

The  Paracale  Gold  Dredging  Company  (Limited),  incorporated  at  Dunedin, 
New  Zealand,  for  the  purpose  of  dredging  for  gold  on  the  Paracale  River, 
brought  from  New  Zealand,  in  January  of  this  year,  the  machinery  for  a  modem 
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gold  dredge.  It  had  been  used  for  a  short  time  on  a  dredge  in  that  country 
which  had  proved  unsuccessful,  through  no  fault  of  the  machinery,  however. 
It  consists  mainly  of  a  70-horsepower  boiler,  a  horizontal  English  engine  of 
60  horsepower,  one  6-barrel  winch,  a  digging  ladder  62  feet  in  length,  a  re- 
volving screen,  37  digging  buckets  of  4^  cubic  feet  capacity  each,  a  centrifu- 
gal circulation  pump,  and  the  many  accessory  pieces  of  machinery,  such  as 
shafts,  pulleys,  belts,  band  wheels,  etc.,  which  go  to  make  a  complete  dredge. 
The  pontoon  is  built  of  Oregon  pine  bought  in  Manila,  and  Is  114  feet  long, 
30  feet  wide,  5  feet  6  inches  deep  at  the  bow,  and  9  feet  deep  at  the  stem. 
The  great  depth  at  the  stem  is  required  more  particularly  to  support  two  sluice 
concentrators  80  feet  long,  6  feet  wide,  and  2  feet  6  inches  deep,  which  will 
project  fully  30  feet  back  over  the  stem  of  the  boat,  and  were  designed  to  save 
the  valuable  black  sand  as  well  as  the  gold  found  in  the  gravel.  They  are  to 
be  lined  with  coco  matting  and  expanded  metal  riffles.  The  capacity  of  the 
dredge  Is  stated  by  officials  of  the  company  to  be  2,000  yards  per  day,  the 
speed  of  the  buckets  being  13  per  minute. 

The  districts  of  Paracale  and  Mambulao  have  been  the  scene  of  great  activity 
in  the  mining  industry  in  the  past,  but  it  was  disappointing  to  find  almost  all 
of  the  old  workings  inaccessible  either  on  account  of  cavings  or  accumulated 
water.  The  work  under  American  direction  has  hardly  commenced,  except  on 
the  placer  ground. 

At  Paracale  the  topography  for  about  4  miles  inland  consists  of  low  hills, 
ridges,  and  fiat  land,  all  heavily  wooded  and  covered  with  a  dense  undergrowth 
of  vines,  tree  ferns,  and  palms  well  armed  with  spines  and  hooks.  There  are 
a  few  trails,  however,  and  the  Malagult  and  Paracale  rivers  furnish  a  con- 
venient means  of  transportation  to  a  portion  of  the  district. 

Beyond  the  low,  flat  land  Mount  Bagacay  rises  abruptly  to  an  altitude  of 
3,000  feet,  as  given  by  aneroid  barometer,  while  May  Cruz  Mountain,  near  Mam- 
bulao, is  little  more  than  1,000  feet  high,  as  indicated  by  aneroid. 

Mambulao  Bay  is  well  sheltered  and  is  navigable  for  large  vessels.  At 
present  there  are  no  docks  or  piers  to  facilitate  the  handling  of  cargo,  and  it 
is  very  seldom  that  a  steamer  calls  at  this  port. 

The  mineralized  zone  embraces  a  territory  of  at  least  50  square  miles,  a 
district  about  5  miles  wide  by  10  miles  long,  beginning  about  1^  miles  east  of 
Malagult  and  ext^iding  a  mile  west  of  Mambulao  and  from  Mount  Bagacay 
and  Lauzon  Creek  northward  to  the  sea.  Ores  occur  over  a  much  larger  dis- 
trict, but  this  includes  the  principal  workings,  both  past  and  present 

General  Geology. 

A  detailed  study  of  the  geology  was  not  imdertaken,  but  in  a  general  way 
the  mineralized  district  may  be  said  to  consist  of  hornblende,  diorlte,  schist, 
and  gneiss. 

Bagacay  range,  which  limits  the  district  on  the  south,  is  composed  of  a  diorlte 
porphyry  containing  hornblende  phenocrysts,  and  has  a  general  trend  of  S.  85" 
W.  There  are  also  some  intrusions  of  a  dark-colored  igneous  rock  between 
Paracale  and  Mambulao. 

The  district  of  Dilinquente  and  Calabornay,  comprising  the  low  area  east  of 
the  Malagult  River,  anp^rs  tQ  J^^  tgrmed  of  a  light-colored  hornblende  diorlte, 
although  it  was  lfi!p6'88l!nrto'obtain*^ftI5Ples  of  the  rock  in  places  that  were 
not  much  altered  by  weathering.  — n^,^ 

Dinaanan  ridge  consists  of  a  light-colored  sc&jfii  ^"  *^^  Malagult  side  and 
gneiss  on  the  Paracale  or  northwest  side.  The^ftEft^^  between  these  two 
metamorphic  rocks  strikes  northeast  and  southwest,  whRliL!^  ^^^  general  strike 
of  most  of  the  quartz  veins  in  this  district.  '  ^^^. 

Between  Paracale  and  Mambulao  the  great  mass  of  thTite^Jf  ,^f;S  4 
although  there  are  In  this  area  numerous  Intrusions  of  a  dark-cdlE!^  ^?rK  1 
rock,  and  about  4  miles  west  of  Paracale  there  is  exposed  on  the  ^^^  * 
hard  metamorphic  rock  of  fine  texture. 

^me  2  miles  west  of  Paracale  the  trail  leads  over  low  hills,  which  nr.. 
ered  with  crusts  and  nodules  of  hematite  and  magnetite  overlvlng  or  mixed 
red  clay,  formed  by  the  weathering  of  an  Igneous  rock  rich  In  iron  .— 

At  Lauzon  Creek,  Tumbaga,  and  the  headwaters  of  the  Malagult  RIvp/^ 
rock  haying  the  appearance  of  slate  is  found.    A  careful  microscopic  examlnfl4    " 
tion  of  the  Lauzon  rock,  made  by  the  chief  of  the  division  of  mines,  proved  uV  J 
to  be  a  schist    Probably  the  others  are  also  metamorphic  igneous  rock  ^ 
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It  will  readily  be  observed  that  this  district  has  been  the  scene  of  extensive 
dynamic  action  since  the  first  rocks  were  formed.  The  action  which  brought 
about  the  metamorphorism  of  the  older  rocks  to  the  present  gneiss  and  schist, 
possibly  from  diorite  such  as  still  exists  in  part  of  the  territory,  the  intrusion 
of  dikes  of  Igneous  rock,  and  the  elevation  of  the  igneous  mass  of  Mount 
Bagacay,  produced  a  shattered  condition  of  the  rock  masses  favorable  to  the 
circulation  of  mineral  waters  and  the  formation  of  ore-bearing  veins. 

A  knowledge  of  the  exact  relation  of  these  different  movements  to  one  another 
and  the  influence  of  each  on  the  formation  of  the  ore  deposits  would  be  of  great 
value  to  engineers  and  miners  in  their  efforts  to  develop  this  district.  It  is 
to  be  hoped  that  an  accurate  map  may  be  made  in  the  near  future  and  a  study 
of  the  geology  in  detail  undertaken  as  soon  as  the  old  workings  in  the  district 
have  been  opened  up  and  the  new  work  commenced. 

Dinaanan  Kidge. 

There  are  at  least  five  important  lodes  on  this  hill,  all  of  which  strike  north- 
east and  southwest  and  dip  vertically  or  very  steeply  inclined  to  the  southeast. 
On  the  old  San  Antonio  claim,  now  the  San  Francisco,  a  depth  of  120  feet  was 
attained.  The  main  lode  is  approximately  6  feet  wide  and  lies  between  schist 
on  the  Malaguit  and  gneiss  on  the  Paracale  side.  The  ore  in  the  vein  is  re- 
fractory, being  mostly  pyrites  in  quartz.  Its  value  is  unknown  and  can  not  be 
determined  until  a  tunnel,  which  is  now  caved  at  the  mouth,  and  which  for- 
merly connected  with  the  bottom  of  a  shaft  120  feet,  has  been  opened. 

A  smaller  lode,  18  inches  to  2  feet  in  width,  which  lies  a  few  feet  to  the 
northwest  of  the  main  lode,  is  reported  by  the  Filipinos  who  formerly  worked 
in  the  mine  to  be  rich  in  free  gold. 

Chromate  of  lead  is  known  to  occur  in  the  San  Antonio  veins,  but  the  work- 
ings are  not  accessible  at  the  present  time. 

The  old  Baluarte  claim,  now  called  the  California,  adjoins  the  San  Antonio  on 
the  northwest.  Ore  from  this  claim  was  treated  in  a  steam  arrastra  situate 
a  few  hundred  yards  up  the  Paracale  River,  and  is  reported  to  have  milled 
li  ounces  per  ton.  The  ore  contains  pyrites  in  abundance,  but  several  specimens 
of  free  gold  were  observed  in  the  ore  lying  about  the  collar  of  an  old  shaft  21 
feet  deep.  The  lode  is  aproximately  vertical,  strikes  northeast  and  southwest, 
and  consists  of  5  to  8  feet  of  dense,  tough  quartz,  which  crushes  well  but  is  not 
very  easy  to  mine. 

Lying  on  the  right  bank  of  the  Paracale  River,  this  lode  is  advantageously 
located  in  many  respects.  The  greatest  difficulty  to  be  expected  is  a  considerable 
flow  of  water,  as  the  vein  does  not  rise  more  than  a  few  feet  above  sea  level. 

A  ten-stamp  mill  on  Longos  Point  and  arrastra  plant  on  the  right  bank  of 
Paracale  River  were  erected  in  1896  by  the  Philippines  Mineral  Syndicate  to 
treat  the  ores  from  Dinaanan  ridge.  The  arrastras  also  extracted  the  gold 
from  the  concentrates  from  a  small  dredge  operated  by  the  same  company  on 
the  waters  of  the  Paracale  River.  This  was  the  first  power  dredge  erected 
In  the  Philippines  for  mining  purposes. 

All  the  lodes  on  the  Dinaanan  ridge  carry  pyrites  in  large  amounts,  and  it 
may  seem  strange  that  the  natives  could  obtain  any  considerable  amount  of 
gold  from  such  an  ore 

The  old  miners,  however,  say  that  in  nearly  all  of  these  lodes  there  is  a 
small  streak  of  ore  very  rich  in  free  gold.  Usually  it  Is  not  more  than  2  or 
3  inches  wide  and  varies  in  position  in  the  vein,  but  it  was  from  these  rich 
stringers  in  the  vein  of  low-grade  ore  that  much  of  the  gold  was  taken.  A 
particular  form  of  soft  fine  pyrites  was  also  known  to  be  rich  in  gold  and  this 
was  ground  by  hand  l>etween  two  flat  stones  and  then  washed  in  bateas  or 
fabirics,.  as  the  wooden  washing  pans  are  called  by  natives  of  the  Gamarines. 

San  Kaurioio  Group. 

The  San  Mauricio  group  of  claims  lies  on  the  western  slope  of  May  Cruz 
Mountain  and  not  more  than  three-quarters  of  a  mile  from  the  town  of 
Mambulao.  A  large  amount  of  development  work  was  performed  on  this  group, 
and  engineers  have  reported  the  ore  in  sight  to  be  about  12,000  tons  of  an 
average  value  of  $10  to  $15  gold  per  ton.  Part  of  the  value  can  be  saved 
by  amalgamation  and  most  of  the  remainder  by  concentration.  It  is  estimated 
that  the  ore  would  concentrate  about  10  tons  into  1  and  that  the  concentrates 
would  assay  $70  per  ton.  The  heavy  ^minerals  are  pyrite,  chalcopyrite, 
sphalerite,  and  galena. 
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Tumbacm  Group. 

The  Tnmbaga  group  of  six  claims  lies  some  3  mil«8  south  of  the  town  of 
Mambolao.  Tmnbaga  hill  apparentlj  is  composed  mainly  of  a  decomposed 
andeeitet  but  there  is  a  rock  having  the  appearance  of  slate  associated  with 
the  Tumbaga  vein.  The  Spanish  inspectores  de  mlnas  who  had  access  to  the 
workings  reported  the  ore  as  occurring  in  a  slate  formation,  but  that  it  is  true 
slate  seems  doubtful. 

The  vein  is  nearly  vertical  and  strikes  approximately  north  and  south.  As 
exhibited  on  the  old  dumps  the  ore  is  quartz  and  calclte  containing  pyrlte, 
chalcopyrite,  pyrrhotite,  sphalerite,  and  galena.  Probably  the  ore  which  was 
formerly  mined,  crushed,  and  panned  for  free  gold  by  the  natives  was  of  an 
entirely  different  character. 

The  mineral  Tumbaga,  a  natural  alloy  of  copper  and  zinc,  samples  of  which 
have  been  brought  to  the  bureau  at  various  times,  is  said  to  occur  in  a  tunnel 
near  the  northern  end  of  the  Tumbaga  group,  as  well  as  at  three  other  places 
on  Tumbaga  hill.  The  mineral  is  found  on  one  side  of  an  auriferous  quartz 
vein  in  a  gangue  of  soft  white  material.  There  is  no  reason  to  doubt  that 
this  remarkable  mineral  occurs  in  the  manner  stated,  but  It  was  impossible 
to  verify  the  statement  by  actual  observation  since  all  the  tunnels  were  caved. 
It  is  to  be  hoped  that  the  end  of  this  year  will  see  many  of  these  old  workings 
opened  up  and  new  work  progressing. 

GeneraL 

The  gold-bearing  ores  of  the  Paracale-Mambulao  district  are  all  of  the  same 
general  type,  namely,  quartz  containing  a  large  amount  of  heavy  sulphides. 
The  ores  api)ear  to  be  less  refractory  than  would  naturally  be  expected  from 
the  amount  of  sulphides  they  contain,  and  the  former  method  of  treatment 
was  to  crush,  amalgamate,  and  concentrate  the  tailings  and  ship  the  product 
to  EJurope  or  America. 

Since  the  machinery  of  the  syndicate  was  installed  the  cyanide  process  of 
gold  extraction  has  made  rapid  i)rogress  and  it  is  probable  that  at  least  some 
of  the  ores  of  the  district  will  be  found  to  be  adapted  to  this  treatment.  It 
is  believed,  however,  that  many  of  the  sulphide  ores  and  particularly  the  more 
complex  ones,  will  be  smelted  on  the  groimd  in  reverberatory  furnaces,  possi- 
bly after  having  undergone  a  process  of  concentration.  With  copper  ore 
available  to  form  a  cop|)er  matte  to  act  as  a  collector  of  gold  and  silver,  with 
an  abundance  of  wood  fuel,  a  satisfactory  amount  of  available.water,  coral  lime- 
stone for  fluxing,  and  a  supply  of  cheap  labor,  there  would  seem  to  be  no  reason 
why  a  pro<*eB8  of  roasting  and  reverbatory  smelting  should  not  be  a  success. 
Neither  the  cost  of  installation  nor  the  expense  of  treatment  should  be 
excessive.  We  can,  perhaps,  safely  assume  that  the  richest  of  the  surface 
deposits  have  been  extracted  by  Filipinos  and  Spaniards  in  former  days,  but 
in  all  probability  these  constituted  a  very  small  fraction  of  the  valuable 
mineral  wealth,  and  there  is  little  doubt  that  scientiflc  mining  with  modem 
methods,  adequate  capital,  and  careful  direction  will  bring  large  returns  to 
those  who  take  advantage  of  the  opportunities  here  afforded. 

Natural  conditions  are  in  a  large  measure  favorable  to  the  developm^it  of 
the  district.  Transportation  by  steamer  can  be  had  to  within  a  few  miles  of 
any  of  the  properties,  making  the  installation  of  machinery  a  simple  matt^*. 
Wood  for  fuel  is  abundant  throughout  the  territory  and  costs  ^3.50  to  W 
delivered.  I^bor  in  the  immediate  vicinity  Is  neither  very  scarce  nor  extremely 
plentiful  but  any  number  of  workmen  can  be  brought  from  other  parts  of  the 
province  to  work  for  a  daily  wage  of  P0.80  to  n.  The  climate  is  healthful 
and  the  people  are  peaceably  inclined. 

Placer  Xiniag. 

Most  of  the  Paracale  and  Malaguit  rivers  and  the  low  land  on  both  banks 
has  been  located  as  placer  ground.  The  gravel  beds  are  evidently  of  recent 
origin,  lying  under  or  near  the  present  water  courses  and  in  no  cases  very  far 
above  tide  water.  There  are  no  high  banks,  fihridently  this  coastal  region 
has  been  sinking  slowly  in  its  last  geologic  period. 

The  gravel  in  the  Paracale  and  Malaguit  placers  is  composed  largely  of  quartz 
pebbles  and  sand,  although  the  metamorphic  and  Igneous  rocks  of  the  region 
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are  also  represented,  and  limestone  and  volcanic  glass  have  been  found  in 
the  Paracale  beds. 

This  gravel  was  tested  by  Mr.  Fearby,  an  engineer,  who  was  sent  from 
New  Zealand  to  report  on  the  property,  the  Americans  owning  the  ground 
having  guaranteed  the  gravel  to  carry  at  least  25  cents  gold  per  cubic  yard. 

The  gravel  deposits  rest  upon  a  soft  decomposed  gneiss  or  diorite,  which 
makes  an  ideal  bottom  for  the  recovery  of  gold-  They  seldom  exceed  30  feet 
in  thickness,  and  as  the  dredge  can  work  to  a  depth  of  over  40  feet  there  should 
be  no  difficulty  about  cleaning  up  the  values  on  the  bottom.  There  are  no  large 
bowlders,  and  sunken  logs  are  reported  to  be  very  few. 

Mangrove  swamps  and  low  grassy  ground  form  the  low  banks  of  the  river. 
As  it  has  but  a  small  watershed,  the  stream  would  not  appear  to  be  subject 
to  disastrous  floods,  while  there  is  an  abundance  of  water  for  dredging  purposes. 

Mr.  A.  J.  MacDonald  began  testing  the  Malaguit  River  with  a  Pierce  testing 
machine  last  April,  but  the  results  of  his  work  have  not  yet  been  announced. 

The  land  on  both  banks  of  the  Malaguit  is  a  low  mangle  swamp,  which  on 
first  consideration  would  hardly  be  taken  for  dredging  ground.  Much  of  the 
land,  however,  is  believed  to  be  composed  mainly  of  gold-bearing  gravel.  The 
trees  could  be  removed  and  used  for  fuel,  and  while  the  tangle  of  roots  might 
retard  the  rapid  operation  of  the  dredge,  it  is  not  believed  that  they  would 
prove  to  be  an  insurmountable  difficulty  by  any  means.  A  more  serious  ob- 
stacle Is  the  presence  of  large  bowlders  in  some  of  the  gravel  beds  along  the 
headwaters  of  the  river.  Whether  or  not  these  bowlders  would  prevent  dredg- 
ing operations  will  not  be  known  until  the  ground  has  been  carefully  tested 
and  the  value  of  the  gravel  determined. 

The  rise  and  fall  of  the  tide  along  this  coast  is  at  least  5  feet  and  some- 
times more.    While  annoying,  this  is  not  a  serious  obstacle  to  dredging. 

As  far  back  as  the  history  of  this  region  is  recorded  the  natives  have  been 
washing  gold  from  these  stream  beds,  and  they  even  carry  material  from  the 
higher  ground  down  to  the  river  banks  and  wash  it  there  when  the  tide  comes 
in. 

Concentrates  from  the  Malaguit  River  examined  in  the  office  were  found  to 
contain  a  number  of  clear  zircon  and  topaz  crystals.  All  of  them  were  small, 
being  about  one-sixteenth  of  an  inch  in  diameter,  but  an  examination  on  the 
ground  would  possibly  result  in  the  discovery  of  stones  of  value.  Zircon  and 
topaz  are  both  cut  for  gems,  but  the  demand  for  them  is  not  great. 

With  proof  so  near  at  hand  it  is  perhaps  idle  to  speculate  regarding  the  value 
of  the  gravel  deposits.  The  results  obtained  by  the  dredge  soon  to  begin 
operations  will  be  eagerly  awaited,  and  If  encouraging  as  now  seems  probable, 
a  great  impetus  will  be  given  to  mining  in  the  Camarines. 

There  is  room  for  a  number  of  dredges  on  the  placer  ground  along  the  Para- 
cale and  Malaguit  rivers  alone,  but  naturally  nothing  more  than  testing  will 
be  done  until  the  results  of  the  operation  of  the  Paracale  dredge  are  known. 


(From  the  Far  Eastern  Review,  October,  1908,  p.  157.) 
THE  PHILIPPINE  PLACER  BONANZA  AT  PARACALE. 

The  last  twelve  months  has  witnessed  a  remarkable  advance  in  mining  devel- 
opment in  the  province  of  Ambos  Camarines,  Philippine  Islands.  At  this  time 
last  year,  notwithstanding  the  unshaken  faith  of  the  individuals  having  the 
greatest  interest  In  the  Paracale  district,  the  outlook  was  none  too  bright.  Apart 
from  desultory  work  in  a  small  way,  on  different  quartz  prospects,  the  only 
genuine  activity  was  manifested  in  the  unrewarded  efforts  of  the  men  in  charge 
to  bring  about  the  successful  and  continuous  operation  of  the  first  gold  dredge 
set  up  in  that  region. 

A  strange  fatality  seemed  to  follow  the  career  of  this  dredge,  which  was  con- 
structed by  the  Paracale  Gold  Dredging  Company  (Limited).  The  material 
reached  the  ground  in  February,  1907,  and  the  work  of  construction  began  at 
once.  Many  unforeseen  obstacles  developed  from  time  to  time,  but  at  last,  in 
the  month  of  August,  the  dredge  was  completed  and  operations  b^an.  It  was 
soon  apparent,  however,  that  the  apparatus  was  not  adapted  to  handle  the 
ground  for  which  it  was  designed,  and  a  long  shut  down  followed  in  order  to 
give  the  dredge  a  general  overhauling  and  to  remodel  the  gold-saving  devices. 
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Finally,  in  November,  1907,  dredging  operations  were  resumed  with  pros- 
pects seemingly  bright.  Unfortunately,  the  "hoodoo"  was  not  shaken  off  so 
easily.  The  wheels  of  the  remodeled  dredge  liad  not  been  moving  over  sixty 
hours  before  the  boiler  collapsed,  the  accident  being  due  to  a  defective  plate. 
This  climax  in  discouragement  was  sufficient  to  break  the  spirit  of  the  average 
enterprise,  but  the  individuals  behind  the  dredging  venture  were  game  and 
stuck  to  their  task.  It  took  another  Ave  months  to  procure  a  new  boiler  and 
put  the  dredge  in  shai)e  to  resume  operations. 

The  big  buckets  began  to  chum  up  the  dirt  again  in  April  of  this  year,  but 
there  was  about  a  month  consumed  in  preliminary  work  before  a  well  could 
be  dug  and  a  face  blocked  out  to  work  against  But  from  the  Ist  of  May  suc- 
cess has  been  written  in  big  letters  and  emphasized  with  every  turn  of  the 
buckets.  The  shipments  of  bullion  have  been  regular,  and  even  the  worst 
"  Doubting  Thomas "  in  Manila  is  l)eginning  to  yield  to  the  evidence  of  his 
senses — the  sight  of  the  yellow  metal. 

It  is  well  authenticated  that  during  the  past  five  months  the  gold  won  by 
this  dredge  has  reached  approximately  the  sum  of  ^80,000  in  value,  and  during 
the  months  of  September  and  October  there  was  a  shut  down  for  a  period  of 
six  weeks  for  general  repairs  and  changes  in  the  gold-saving  apparatus.  This 
cuts  the  actual  operating  time  to  about  three  and  one-half  months,  with  six 
working  days  to  the  week.  This  means  a  product  of  nearly  K3,000  a  month, 
or  «75,000  a  year. 

However,  this  splendid  showing  has  not  t>een  reached  without  overcoming 
many  obstacles.  There  are  several  heavy  handicaps  to  be  found  in  the  nature 
of  the  ground  worked.  At  times  there  is  considerable  clay  brought  up,  which  is 
very  difficult  to  break  up  and  so  has  a  tendency  to  carry  off  the  gold  values. 
Another  puzzling  point  is  the  presence  of  a  large  percentage  of  black  sand, 
which  carries  the  fine  gold  with  it  to  such  an  extent  that  the  sand  must  be 
saved  for  treatment  in  order  to  win  the  gold.  So  much  of  the  sand  is  dredged 
up  that  it  speedily  swamps  the  **  tables  "  and  necessitates  slow  working,  far  be- 
low the  bucket  capacity  of  the  dredge,  and  frequent  "  clean  up."  The  amount 
of  ground  handled  has  not  averaged  300  cubic  yards  per  day  of  twenty-four 
hours.  The  average  amount  saved  per  cubic  yard  during  the  operations  of 
the  dredge  was  approximately  «.50,  or  $1.25  gold.  This  is  a  remarkable 
showing  and  may  be  fully  authenticated.  On  an  average  2  tons  of  black  sand 
are  saved  daily. 

One  very  remarkable  feature  developed  in  the  operations  was  the  bringing  up 
from  the  bed  of  the  river  each  day  from  10  to  12  tons  of  soft,  free-milling  sugar 
quartz.  There  has  heretofore  been  no  apparatus  to  handle  these  by-products, 
but  the  dredging  company  is  now  erecting  a  tube  mill  to  crush  the  black  sand 
and  quartz,  of  which  several  hundred  tons  have  already  accumulated.  The 
management  confidently*  expects  that  the  output  of  this  mill  will  increase  the 
product  of  the  dredger  by  from  50  to  75  per  cent  of  the  present  figures. 

The  undisputed  success  of  the  Paracale  dredge  has  given  a  big  impetus  to 
mining  in  the  district,  as  well  to  quartz  mining  as  to  dredging.  Quite  recently 
there  was  organized  a  corporation  known  as  the  Philippine  Gold  Dredging 
Company,  the  entire  capital  stock  of  which  was  subscribed  by  residents  of  the 
Philippines,  and  work  Is  being  pushed  on  a  dredge  which  is  expected  to  be 
ready  for  operation  not  later  than  February  of  next  year.  More  than  half  of 
the  stock  of  this  new  company  was  taken  by  parties  living  in  the  province  of 
Ambos  Camarines  and  the  balance  in  Manila. 

This  company  has  acquired  a  large  parcel  of  placer  lands  from  the  individual 
owners  which  borders  directly  on  the  tract  being  worked  by  the  Paracale 
dredge  now  in  operation  and  gives  every  indication  of  carrying  a  continuation 
of  the  same  alluvial  deposit.  No  pains  or  expense  are  being  spared  to  make 
the  new  enterprise  a  success.  The  Risdon  dredge,  formerly  on  the  Guinobatan 
River,  Masbate,  was  purchased  and  is  now  being  moved  to  Paracale.  How- 
ever, entirely  new  pontoons  are  being  constructed  and  every  doubtful  or  worn 
part  of  the  machinery  is  being  renewed  by  the  best  material  from  America,  so 
that  the  dredger  should  in  every  sense  of  the  word  be  **  as  good  as  new."  It 
is  also  expected  to  procure  a  high-class  dredging  expert  from  the  United  States 
to  take  charge  of  the  work. 

This  new  venture  is  something  of  an  innovation  in  the  Philippines,  as  it  will 
be  what  might  be  termed  "  dry-land  dredging."  All  of  the  ground  to  be  worked 
is  removed  from  any  stream  and  in  many  i^arts  is  covered  by  cocoanut  groves. 
Careful  tests,  however,  have  been  made  which  demonstrate  that  underneath 
there  is  an  ancient  river  bed  which  carries  a  rich  pay  streak. 
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The  outlook  in  the  dredging  line  does  not  stop  here.  Within  the  last  few 
days  there  has  arrived  In  the  islands,  from  New  Zealand,  a  dredging  expert 
who  was  interested  in  the  installation  of  the  Paracale  dredge.  He  announced 
that  he  has  arranged  for  sufficient  capital  to  install  another  plant  and  will  have 
his  dredge  on  the  ground  and  In  operation  at  the  headwaters  of  the  Paracale 
River  by  the  end  of  the  year. 

On  the  Malaguit  River,  a  short  distance  from  Paracale,  boring  tests  have 
been  going  on  for  several  months  with  most  satisfactory  results.  Here  there 
Is  a  large  area  of  dredging  land  under  option  to  outside  capital,  and  in  view  of 
the  values  shown  by  the  tests,  It  is  believed  that  the  year  1909  will  see  one 
or  more  modem  dredges  Installed  on  the  river. 

Preliminary  prospecting  and  testing  are  also  being  carried  on  on  various 
other  streams,  and  conservative  estimates  indicate  that  the  next  four  years  will 
see  one  of  the  most  active  dredging  districts  of  the  world  in  the  vicinity  of 
Paracale. 

Nor  has  the  quartz  mining  in  the  district  been  neglected.  The  famous  old 
Tumbaga  mine,  the  working  shaft  of  which  has  been  filled  with  water  and 
debris  for  twelve  years,  is  being  cleaned  out,  and  at  the  time  of  writing,  the 
working  levels  have  probably  been  reached.  The  English  syndicate  that  for- 
merly held  the  property  thought  so  well  of  it  that  on  the  machinery  alone  they 
must  have  spent  upward  of  £10,000  Just  before  the  outbreak  of  the  Philip- 
pine insurrection  In  1896,  which  necessitated  the  suspension  of  active  operations. 
Much  of  the  old  equipment  Is  still  In  good  condition  and  has  been  utilized  In 
the  process  of  cleaning  out  the  mine.  The  objective  point  is  the  old  working 
level  at  a  depth  of  about  100  feet.  Years  ago  a  considerable  amount  of  very 
high-grade  ore  was  taken  from  the  old  working,  and  if  a  small  part  of  the  stories 
be  true  it  will  prove  well  worth  the  working.  However,  the  present  owners 
are  accepting  nothing  as  settled,  and  are  cleaning  out  the  pro|)erty  in  order  to 
make  a  thorough  test  with  samples  with  a  view  to  determining  whether  the 
further  development  of  the  property  and  installation  of  the  necessary  equipment 
is  warranted.  If  the  values  are  found  there,  active  operations  will  begin  at 
once. 

At  Mambulao,  a  few  miles  from  Tumbaga,  Is  another  property  known  as  the 
San  Mauricio  mines  which  were  held  by  the  same  English  syndicate.  Here 
more  than  1,500  feet  of  old  workings,  which  were  completely  filled  up  by  slides, 
have  been  cleared  out  and  retimbered  since  the  first  of  the  year.  Recent  advices 
from  New  York  are  to  the  effect  that  financial  arrangements  have  been  com- 
pleted which  Insure  the  erection  of  a  20-stamp  mill  at  the  mine  within  the  next 
six  months. 

The  entire  district  of  Paracale  and  Mambulao  Is  heavily  mineralized,  and  the 
mining  possibilities  seem  unlimited.  At  different  points  there  are  a  large 
number  of  quartz  claims  in  a  more  or  less  advanced  stage  of  development,  and 
everywhere  there  Is  a  healthy  activity  manifested. 

At  present  there  are  actually  engaged  in  mining  operations  in  the  district 
some  26  white  men  and  150  natives.  This  does  not  Include  a  considerable 
number  of  native  women  who  are  working  "  panning  *'  the  different  streams, 
nor  does  it  Include  a  considerable  force  of  Chinese  carpenters  sent  from  Manila 
to  work  on  the  hull  of  the  dredge  which  Is  being  erected. 

One  serious  burden  to  the  Paracale  miners  is  the  cost  of  transportation  from 
Manila.  Occasionally  an  Interlsland  boat  will  put  into  the  bay  off  the  mouth 
of  the  Paracale  River  and  lighter  cargo.  But  it  Is  only  during  a  part  of  the 
year  that  this  can  be  thought  of  on  account  of  the  exposure  to  the  northwestern 
monsoons,  with  full  sweep  of  the  Pacific  behind  It  In  consequence  most  of 
the  freight  and  passengers  must  be  landed  at  Daet,  20  miles  distant,  and  sent 
up  the  exposed  coast  by  small  boats  to  Paracale. 

The  Malaguit  River,  which  is  a  stream  of  considerable  dimensions,  is  readily 
navigable  for  some  distance  by  interlsland  boats  and  there  is  a  fine  anchorage 
about  three-quarters  of  a  mile  above  the  mouth.  Just  below  this  point  there 
Is  a  sharp  bend  In  the  river  and  a  range  of  hills  affords  complete  protection 
from  the  monsoon.  However,  Just  at  the  mouth  of  the  river  two  barely  sub- 
merged rocks  in  the  middle  of  the  stream  are  a  great  menace  to  navigation. 
It  Is  possible  for  a  steamer  to  creep  around  the  rocks,  and  it  has  been  done  a 
few  times  in  the  past,  but  the  tide  runs  very  strong  and  the  risk  Is  so  great 
that  steamer  captains  are  unwilling  to  undertake  the  feat. 

With  the  rocks  removed,  a  safe  harl>or  would  be  furnished  all  the  year 
round.  Recently  the  Government  Interested  itself  In  this  matter  and  a  survey 
party  is  to  Investigate  the  conditions  with  a  view  to  making  a  report  on  the 
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feasibility  and  the  coat  of  clearing  out  the  channeL  With  these  obstades 
removed,  Malagult  will  become  a  regular  port  of  call  for  the  Manila  steam^ra 

Some  idea  of  the  character  of  the  pioneer  mining  men  of  Paracale  may  be 
gathered  from  the  fact  that  those  interested  in  the  development  of  that  section 
have  banded  themselves  together  in  the  form  of  a  society  known  as  the  Paracale 
Miners*  Association,  which  has  for  its  object  the  furthering  of  the  interests  of 
mining  men  in  the  Paracale  district  The  meeting  was  held  on  October  8,  and 
two  committees  were  appointed  to  draft  constitution  and  by-laws  and  the 
second  to  arrange  for  proper  headquarters.    The  following  were  elected : 

A.  J.  MacDonald,  president;  William  Kane,  first  vice-president;  Q.  Arm- 
strong, secretary  and  treasurer;  directors,  E.  R.  Simpscm,  W.  Pearson,  and 
J.  S.  Oillia. 


COAL. 

( Prom  The  Coal  MeAsures  of  the  Philippines.     A  rapid  history  of  the  discovery  of  coal  hi 
the  archipelago  and  subsequent  deyelopments. ) 

letteb  of  tbansmittal. 

Office  of  the  Mihino  Bureau, 

Manila,  P.  /.,  June  25,  1901. 
Sib  :  I  have  the  honor  to  transmit  to  you  herewith  a  manuscript  report,  pre- 
pared in  this  office,  touching  the  general  subject  of  "^he  Coal  Measures  of  the 
Phnipplnes,*'  and  with  it  the  full  text  of  the  record  of  the  so-called  "  MacLeod 
coal  concession  in  Oebu,"  or  **  Uling-Lutac  coal  and  railway  concession." 

This  report  does  not  pretend  to  be  an  exhaustive  study  of  the  Philippine  Coal 
Measures  That  were  impossible  with  the  means  at  command.  It  is  rather  a 
review  of  the  efforts  made  by  Spain  and  the  subjects  ot  that  country  to  develop 
the  coal-mining  industries,  the  methods  pursued  by  them,  the  failures  recorded, 
and  the  reasons  for  such  failures  as  they  appear  to  an  outside  critic  who  looks 
over  the  field  after  history  has  been  made  and  the  facts  are  weighed*  free  from 
the  bias  of  personal  ambition  and  pecuniary  interest,  and  which  forms  the 
basis  of  all  true  history. 

My  purpose  will  be  subserved  if  this  work  shall  furnish  a  partial  basis  for 
the  guidance  of  future  examinations  and  developments,  both  from  a  scientific 
and  industrial  standpoint. 

V^ery  respectfully,  Chables  H.  Burritt, 

First  Lieutenant,  Eleventh  Cavalry,  V,  8,  F., 

Officer  in  Charge  the  Mining  Bureau, 

The  SSCRETART  OF  THE 

U.  S.  MiiJTABY  Governor  in  the  Philippines. 
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THE  COAl  ICEASimSS  OF  THE  PHILIPPIHES. 
Chapter  I. — General  Classifioation  of  Coals. 

All  coals  are  of  vegetable  origin :  ^  All  portions  of  a  coal  seam,  even  the  most 
structureless  to  the  naked  eye,  when  properly  prepared,  reveal  their  vegetable 
structure  to  the  microscope.*'  "Peat  is  vegetation  which  has  undergone,  in 
part,  the  change  to  coal,  and,  in  some  cases,  it  has  become  brown  coal.  The 
conditions  of  change  are  somewhat  different  from  those  of  the  beds  of  good 
coal,  since  in  the  case  of  peat  the  air  has  access,  while  in  that  of  the  coal  the 
air  was  more  or  less  excluded  by  overlying  strata,  and  the  more  perfect  the 
exclusion,  other  things  equal,  the  better  the  coal."     (Le  Conte.) 

The  other  important  elements  that  enter  Into  the  construction  of  coal  and 
determine  its  quality  and  classification  are  heat  and  pressure,  Increased  heat 
and  pressure  raising  the  quality  of  the  coal. 

"The  manner  or  laying  of  the  coal  seams  is  uniform  In  all  ages;  resting 
upon  a  thin  layer  of  clay  called  the  under  clay  and  above  is  usually  a  shale 
called  the  black  shale  or  roof  shale."     (I^e  Conta) 

For  all  practical  purposes  the  varieties  of  coal  may  be  fixed  at  four,  namely : 
Anthracite,  bituminous,  cannel,  and  brown  (or  lignite)  coal. 

The  compositions  of  these  coals  is  here  briefly  stated,  although,  so  far  as 
yet  discovered,  it  Is  only  the  brown  coals  or  lignites  that  are  known  to  exist 
In  these  Islands. 

Anthracite :  Per  cent 

Fixed  carbon 78  to  88 

Volatile  matter 3  to    7 

Earthy  impurities 4  to  12 

Bituminous : 

Fixed  carbon 75  to  85 

Volatile  matter 20  to  45 

EJarthy  Impurities 1.4  to    7.5 

Cannel : 

Volatile  matter 40  to  50 

Lignite: 

Fixed  carbon 52  to  65 

Volatile  matter 40  to  60 

Earthy  Impurities 5  to  20 

oThese  plates  and  tables  are  on  file  in  the  War  Department,  being  omitted  from 
this  compilation. 
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The  above  classifications  and  the  figures  given  for  their  three  principal  ingre- 
dients are  in  a  large  measure  arbitrary  and  are  only  useful  for  the  purposes  of 
a  general  comparison,  since  the  Ckml  Measures  are  not  uniform  in  like  geological 
formations,  nor  are  there  any  two  coal  beds  of  the  same  class  alike  in  every  exact 
particular.  One  class  of  coal  merges  into  another  and  the  rates  per  cent  of  fixed 
carbon,  volatile  matter,  and  earthy  impurities  (ash)  in  the  same  Coal  Meas- 
ures, and  even  in  the  same  coal  seams,  varies  frequently;  besides,  there  are 
found  in  different  coals  other  impurities  besides  the  earthy  impurities  or 
ash  and  all  of  which  afTect  their  value  more  or  less  commercially  and  in- 
dustrially, such  as  sulphur,  pyrites,  etc.,  the  consideration  of  which  in  this 
connection  are  not  important. 

Chapter  ZI. — ^Historical  Sketch  of  Discovery  in  the  Philippines. 

Accustomed  as  we  are  in  this  day  to  the  extensive  application  of  coal  in  the 
arts  and  industries,  it  is  difficult  for  us  to  realize  that  while  its  discovery  is 
ancient  its  use  is  comparatively  modem;  in  fact,  its  application  may  be  said 
to  belong  exclusively  to  the  present  day. 

Coal  was  first  discovered  in  the  Philippines  in  the  year  1827 ;  this  discovery 
was  made  in  the  Island  of  Cebu,  and,  as  stated  by  Abella,  **did  not  succeed 
in  inspiring  any  interest  in  the  state  nor  in  private  Individuals  until  the 
journey  of  the  first  steamships  to  the  islands  being  announced,  the  superior 
civil  govemm^it  issued,  in  the  year  1842,  a  timely  circular  to  the  provincial 
authorities  requesting  them  to  furnish  information  regarding  the  coal  deposits 
that  might  be  in  their  respective  localities." 

The  first  inspector  of  mines  of  this  archipelago  was  Isidro  Sainz  de  Baranda. 
That  gentleman  disembarked  at  Manila  on  December  26,  1888,  and  on  the  25th 
of  January  of  the  next  year  he  commenced  an  active  and  vigorous  campaign 
for  the  enactment  of  a  law  and  for  the  establishment  of  the  mining  industry 
in  these  islands  which,  with  the  proverbial  slowness  of  the  ministry  of  colonies 
and  Her  Majesty*s  Government,  seems  to  have  been  wholly  without  effect  until 
the  year  1846,  when  the  first  mining  code  was  adopted  and  put  into  operation. 

The  real  history  of  the  department  of  mines  and  of  the  mining  industry  in 
the  Philippines,  therefore,  dates  from  1846.  The  work  done  prior  to  that  time 
may  be  considered  as  preliminary. 

The  circular  referred  to  by  Abella  was  dated  October  17, 1842,  and  was  Issued 
to  the  alcaldes  mayores  and  others  by  Don  Marcelino  Oraa,  the  then  governor 
and  captain-general  of  these  islands.  Its  special  purpose  was  to  obtain  in- 
formation of  the  existence  of  coal  deposits  and  mines,  the  cost  and  means  of 
transportation,  and  other  facts  relating  thereto.  The  replies  are  many  of  them 
curious  and  all  are  interesting ;  they  possess,  however,  no  value  outside  of  their 
historical  Interest. 

The  alcalde  of  Zambales  reports  that  *'In  the  time  of  great  freshets  some 
pieces  of  black  rocks  that  bum  are  accustomed  to  be  seen  in  the  Bafiganbacao 
River,  of  Botolon,"  but  that  he  has  not  been  able  to  secure  any  of  them  because 
*'none  has  been  seen  during  the  present  year;"  he  promises  the  governor  a 
trip  to  the  mountains  later  in  the  year  and  a  further  report  He  then  branches 
off  into  a  rosy  account  of  his  military  operations  against  the  infidels  of  the 
mountains,  and  reports  two  more  towns  in  the  mountains  whose  population  have 
**  submitted."  In  November  he  again  reports  that  he  has  fulfilled  his  promise, 
but  failed  to  find  any  of  the  "  black  rocks  that  bum,"  or  where  they  came  from ; 
but  he  left  word  with  the  **  lately  submitted,"  "  That  in  their  trips  they  shall 
not  neglect  to  collect  every  black  and  heavy  rock  they  find  in  the  rivers,  and 
after  applying  to  the  fire  If  they  find  that  It  bums  that  they  bring  it  to  me 
instantly,  and  I  do  not  doubt  they  will  do  so  if  they  hit  upon  them." 

In  November  the  Inspector  of  mines  from  Albay  reports  a  deposit  of  coal  on 
the  island  of  Siargao,  in  the  province  of  Caraga  (now  Surlgao),  and  another 
on  the  Island  of  Batan,  then  being  worked  by  Mr.  Jose  Velarde,  the  govemor 
of  the  province  of  Albay.  The  alcalde  mayor  of  Pampanga  reports  a  mineral 
found  near  San  Miguel,  that  from  the  fact  of  its  being  heated  red  hot  in  a  forge 
it  remains  so  for  a  long  time  and  communicates  fire  to  combustible  articles  that 
are  brought  in  contact  with  it,  and  also  because  of  its  solidity  and  hardness, 
"  demonstrates  that  said  samples  might  belong  to  the  class  of  carbon  minerals, 
although  to  be  assured  of  its  goodness,"  as  the  alcalde  states,  '*  the  processes  of 
chemical  analysis  would  be  indispensable,  and  for  these  I  am  lacking  the 
agents  and  apparatus  that  belong  to  a  laboratory." 


370      APPENDIX  TO  REPORT  OF  THE  PHILIPPINE  COMMISSION. 

The  alcalde  mayor  of  Batangas  r^)orts  that  at  Majnit,  in  tlie  town  of 
Bauan,  '*  tbere  are  found  stones  of  different  qualities,  and  among  them  are  seen 
some  that  are  half  burned,  which,  in  my  Judgment,  might  be  coal;  yet  I  donbt 
whether  they  might  not  be  the  effect  of  a  Tolcano  which  is  in  th^r  neighbor- 
hood." He  promises  to  send  some  of  the  stones  to  Manila  in  order  that  they 
may  be  examined  by  men  learned  in  sciaice.  The  political  military  governor 
of  Samar,  with  a  commendable  conservatism,  reports  a  deposit  at  the  Visitation 
of  Loquilocon,  in  the  town  of  Paranas,  on  that  island,  **  where  there  Is  accus- 
tomed to  be  found  between  the  earth  of  the  channel  that  the  river  torum  a 
combustible  which  was  like  coal." 

The  other  officials  reported  that  they  knew  of  no  deposits  of  coal  and  no  coal 
mines  in  their  Jurisdictions. 

The  coal  discoveries  in  the  island  of  Cebu,  known  since  1827,  had  resulted  in 
no  efforts  for  their  being  regularly  worked  or  developed,  and,  in  fact,  It  was 
not  until  1853  that  the  first  coal  concession  was  granted  in  that  island. 

The  above  notes  on  the  original  discovery  were  further  increased  by  a  r^^rt 
of  the  inspector  of  mines  covering  all  the  mineral  resources  of  tlie  islands, 
made  to  the  governor  In  1844,  In  which  he  locates  the  known  coal  deposits 
as  follows:  Province  of  Garaga,  island  of  Siargao;  province  of  Albay,  island 
of  Batan;  province  of  Tayabas,  Mauban,  and  Antimonan  (and  a  report  that 
Sefior  Pefiaranda  had  found  a  piece  of  coal  in  the  Pagsanjan  River,  between  the 
headlands  of  Bondoc  and  Punta  Arenas) ;  province  of  Bulacan,  in  the  moun- 
tains of  Angat ;  province  of  Pampanga,  in  the  mountains  of  Camachin ;  province 
of  Pangasinan  (said  to  have  been  seen  in  the  mountains  of  Bacnotan). 

This  may  be  safely  said  to  be  the  whole  of  the  history  of  the  discovery  of 
coal  in-  the  Philippines,  and  the  extent  of  the  knowledge  of  the  Government 
with  reference  thereto  up  to  1844.  The  next  step  in  the  history  may  be  prop- 
erly called  a  step  of  development.  In  closing  this  chapter  on  discovery,  there 
are  two  pertin^it  statements  in  the  report  of  Sefior  Baranda,  from  which  we 
have  Just  quoted,  that  are  pertinent  because  of  their  general  bearing  upon  tlie 
status  and  condition  of  the  mining  industry  in  these  islands  to-day,  and  because 
of  their  present  suggestive  value  under  conditions  not  to  a  great  degree  different 
from  the  conditions  of  1844. 

The  first  of  these  is : 

"  It  seems  incredible  that,  notwithstanding  it  is  now  more  than  three  cen- 
turies since  the  Philippines  were  discovered,  their  mineral  wealth  is  yet  unknown. 
However,  nothing  is  more  certain." 

And  the  other  is : 

*'  The  greatest  obstacle  that  exists  in  this  day  in  order  that  there  may  be  a 
resolution  to  develop  the  mining  Industry  is  the  lack  of  a  law.  •  ♦  ♦  It 
falls,  then,  to  the  lot  of  the  Govemm^it  alone  to  remove  the  obstacle  which 
the  nonexistence  of  some  law  presents." 

While  there  are  other  interesting  suggestions,  and  of  much  value,  in  this  inter- 
esting paper  of  Sefior  Baranda,  I  sliall  not  quote  further  from  it  at  this  point. 

I  again  respectfully  call  attention  to  the  above  two  quotations  as  showing 
how  like  the  conditions  of  1844  and  1901  in  these  islands,  so  far  as  the  mining 
industry  is  concerned.  It  seems  to  be  an  illustration  of  that  saying,  *'  History 
repeats  itself  constantly,  but  nature  never." 

Chapter  m. — ^First  Steps  in  Derelopment,  1846-1858. 

This  chapter  will  contain  a  brief  and  compr^ensive  review  of  the  period 
between  1846  and  1853,  at  which  latter  date  the  second  steps  in  development  of 
coal  mining  were  taken. 

On  January  29,  1846,  the  "  Decree  of  the  superior  civil  government "  ot  that 
date  was  promulgated,  putting  into  operation  a  complete  mining  code  in  the 
islands.  This  continued,  subject  to  some  slight  amendments,  to  be  the  law  under 
which  all  mining  was  ccmducted  until  the  14th  day  of  May,  1867,  when  it  was 
superseded  by  the  code  that  was  found  in  force  at  the  date  of  American  occupa- 
tion in  1898.  This  first  code,  hereafter  referred  to  as  the  "  Code  of  1846,"  had 
much  to  comm^id  it.  Its  langua)!|e  was  clear,  concise,  and  plain,  and  its 
definitions  were  comprehensive  and  snfflciently  elastic  to  allow  all  the  neces- 
sary latitude  in  the  executive  control.  \ln  my  Judgment,  under  honest  adminis- 
tration the  '*  Code  of  1846  "  is  far  superior,  as  a  whole,  to  the  more  elaborate 
and  extraded  '*  Code  of  1867." 
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The  **Code  of  1846"  was  composed  of  56  sections,  and  the  quotation  of 
artide  2,  defining  minerals,  is  a  fair  illustration  of  its  composition  throughout : 

'*Abt.  2.  The  following  are  objects  of  mining:  Precious  stones  and  all  sub- 
stances properly  metallic,  combustible,  and  saline,  wliether  encountered  upon 
the  surface  of  the  earth  or  its  interior." 

By  article  12  the  sizes  of  mining  claims  are  fixed  at  200  Spanish  yards  in 
length,  and  lialf  that  width,  for  mines  in  general ;  while  for  veins  of  bituminous 
coal  they  sliall  be  600  yards  long  by  100  wide.  On  December  22,  1851,^  these 
sizes  were  changed  by  a  royal  order,  and  the  coal  claim  was  made  600  by  300 
yards,  and  to  include  coal,  lignite,  and  peat,  and  with  permission  to  take  as 
many  as  four  claims  to  each  mine. 

These  are  all  the  essential  features  of  the  law  required  at  this  stage  of  the 
examination.  Other  provisions  from  the  Code  of  1846  will  be  Incidaitally 
referred  to  later  In  their  proper  connection. 

This  period  may  be  considered  the  formative  period  in  the  way  of  develop- 
ment Goal  mines  were  being  worked  in  the  names  of  various  claimants,  but 
the  works  were  all  superficial,  and  none  of  them  advanced  to  the  degree  of  a 
formal  registration  in  the  inspectorate  of  mines. 

Under  date  of  July  4,  1847,  a  brief  petition,  signed  by  Leandro  Cardano,  was 
addressed  to  the  inspector  of  mines,  asking  a  denouncement  of  a  coal  mine  on 
ttie  island  of  Raporapo,  but  no  indorsement  appears  upon  it,  and  no  action  seems 
to  have  been  taken.  From  a  draft  of  a  letter  it  is  learned  that  Sefior  Cardano 
was  the  collector  of  taxes  on  tobacco  for  the  province  of  Albay.  This  can 
scarcely  be  considered  a  r^stry  of  a  mine. 

The  work  commenced  in  Batan  was  afterwards  carried  on  by  another  pro- 
prietor, one  Don  Martin  Varanda,  and  in  the  early  part  of  this  period  the 
official  tests  were  commenced  <mi  the  part  of  the  navy  in  the  ships  of  war,  and 
also  in  the  stationary  engines  and  the  forges  of  the  arsenals,  blacksmith  shops, 
tobacco  factories,  and  other  institutions  under  the  control  of  the  government 
It  is  curious  to  note  that  at  the  beginning  of  this  epoch  there  were  not  lacking 
those  who,  from  matters  of  personal  interest,  or  from  a  pure  habit  of  objecting 
to  anything  that  imported  a  change,  raised  objections  even  to  a  trial,  and 
much  more  to  a  purchase,  of  an  ounce  of  Philippine  coal  for  use  of  the  col<Miial 
govemm^it 

The  governor-general,  on  August  19,  1846,  addressed  a  solemn  communication 
to  the  inspector  of  mines,  based  upon  one  of  these  bugaboo  claims  of  danger  to 
shipping  from  spontaneous  combustion.  This  was  answered  by  the  inspector, 
Sefior  Baranda,  with  like  solemnity,  and  after  calling  attention  to  the  fact 
that  the  coal  has  beei  transported  from  Batan  to  Manila  in  connection  with 
cargoes  of  unhulled  rice  and  hemp;  that  it  has  been  stored  for«years  in  ware- 
houses at  Sorsogon  and  elsewhere,  and  had  not  caught  fire  from  spontaneous 
combustion;  he  slyly  calls  his  excellency's  attention  to  the  nature  of  these 
complaints  and  their  glaring  inconsistencies;  since  it  is  considered  unservice- 
able by  some  because  of  its  not  burning  and  blazing,  and  by  others  because  it 
bums  and  blazes  too  easily,  being  so  liable  to  bum  that  its  use  is  a  menace  to 
shipping  from  spontaneous  combustion.  He  respectfully  suggests  that  the 
confiicting  and  inconsistent  reports  of  trial  show  that  the  trials  have  either 
not  been  directed  with  Intelligence,  or  that  perhaps  the  Impartiality  that  is 
indispensable  has  not  existed.  Looking  backward  from  the  standpoint  of  the 
present  day,  it  is  not  hard  to  discover  several  reasons  that  certainly  influenced 
the  officers  and  employees  of  the  Spanish  Government  in  their  manifest  opposi- 
tion to  the  use  of  the  Philippine  coals. 

The  first  of  these  reasons  is  found  in  the  extravagant  prices  at  which  the 
Spanish  navy  were  contracting  their  coal  for  this  station  in  England.  The 
price  is  so  extravagant  as  to  suggest  that  which  the  inspector  of  mines  vaguely 
hints  at  in  the  official  documents  of  this  date,  that  a  percentage  of  no  mean 
amount  was  percolating  from  the  coffers  of  the  Ehiglish  coal  dealers  into  the 
ready  pockets  of  the  purchasing  agents  of  the  Spanish  navy.  This  suspicion  is 
entitled  to  some  consideration,  since  in  that  day  the  evidence  of  its  existence 
was  sufflci^it  to  found  a  hint  of  selfish  interest  in  official  r^)orts. 

There  was  also  the  conservative  and  old-fashioned  official  whose  ease  and 
comfort  was  ever  disturbed  by  the  idea  of  change.  For  years  it  had  been 
the  custom  to  buy  coal  from  Ekigland;  why  disturb  a  custom  that  was  so  con- 
venient and  that  would  only  add  additional  burdens  to  the  officers  of  the 
navy  serving  on  this  distant  station?  Why  change  the  long-established  and 
convenient  practice? 
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Then  there  was  the  further  fact  that  the  Spanish  navy  of  that  day  went  to 
Bngland  for  its  engineers  and  chief  machinists,  and  the  true  Briton  is  clearly 
shown  in  the  reports  of  Qeorge  Peckham,  the  first  engineer  of  the  ReyfM  de 
Castilla,  and  John  H.  Hunt,  the  first  engineer  of  the  Elcano. 

All  of  these  reasons  Just  stated  were  easily  advanced,  and  were  officially 
sustained  by  reason  of  the  shiftless  and  careless  manner  of  the  mine  owners 
themselves  in  procuring  the  coal  that  was  used  for  making  the  tests.  It  was 
taken  from  the  very  surface  of  the  ground;  it  was  mixed  with  earthy  impuri- 
ties, and  no  attempt  made  to  separate  the  coal  from  the  dirt 

In  place  of  care  In  mining,  the  selection  of  real  and  true  veins  or  deposits, 
and  an  honest  effort  to  obtain  a  practicable  and  suitable  combustible,  the  mine 
owners  wasted  their  time  and  their  money  in  efforts  to  procure  from  the 
supreme  government  a  positive  decree  compelling  the  local  navy  to  use  Philip- 
pine coal  and  preventing  the  importation  of  ESnglish  coal  by  the  levying  of 
prohibitive  import  duties. 

Such  a  decree  was  obtained  for  the  first,  positive,  and  imperative  in  form, 
but  subject  to  the  making  of  tests  that  should  establish  its  practicability  for 
steam-making  purposes;  while  the  latter  became  involved  in  a  labyrinth  of 
reports  and  counter  reports,  resulting  in  the  eventual  pigeonholing  of  the  bulky 
and  voluminous  documents  pro  and  con  upon  the  subject  of  the  prohibitive 
import  duty.  From  time  to  time  this  hope  was  resurrected,  and  met  with 
varied  success,  but  it  developed  no  mines. 

This,  however,  was  not  altogether  barren  of  results,  for  the  owners  of  the 
Batan  coal  mines  now  commenced  to  do  the  thing  that  they  should  have  done  In 
the  first  place,  and  in  1849  we  find  them  prospecting  for  better  coal,  and  yet  with- 
out the  investment  of  that  amount  of  capital  which  was  positively  necessary 
in  order  to  secure  even  partial  success.  All  sorts,  kinds,  and  conditions  of 
** black  rocks  that  bum"  were  in  the  meantime  being  sent  into  the  Cavite 
Arsenal  to  be  teRted*  under  a  sweeping  order  requiring  such  tests  to  be  made, 
until  November  1,  1850,  when  we  find  the  commanding-general  of  the  navy 
returning  to  Governor  Urbiztondo  a  long  expediente  (collection  of  official  cor- 
respondence) on  the  coal  mines  of  Angat,  in  the  province  of  Bulacan,  and. 
forgetting  the  polite  language  of  official  correspondence,  declaring  in  plain 
terms,  "  In  addition  to  that  which  the  expediente  shows,  It  results  from  new 
trials  that  the  mineral  is  not  coal,  nor,  in  fact,  combustible  of  any  kind,  since 
a  piece  having  been  subjected  to  the  action  of  a  hot  fire  from  one  of  the  forges 
of  the  arsenal  from  early  in  the  morning  until  late  in  the  afternoon,  it  only 
resulted  In  turning  it  red  and  some  lines  from  its  surface  was  burned  off: 
accompanying  this  is  a  small  box  which  contains  a  piece  of  the  rock  for  such 
uses  as  your  •xcellency  may  deem  suitable." 

At  this  time  (1847)  the  commanding-general  of  the  Visayas  sent  in  a  report, 
with  samples,  touching  the  coal  mines  on  the  island  of  Siargao  in  the  province 
of  Caraga ;  these  were  two  In  number,  one  located  at  Cacub  and  the  other  at 
Dapa ;  these  mines  were  undeveloped ;  the  supply  was  reported  to  be  abundant. 
These  deposits  called  forth  from  Seilor  Baranda,  the  inspector  of  mines,  the 
fact  that  he  had  himself  visited  these  same  deposits  in  18^,  and  that  he  had 
seen  samples  of  coal  from  that  island  of  Siargao,  which,  from  Its  appearance, 
seemed  to  be  of  better  quality  than  the  samples  shown  him. 

In  this  document  appears  for  the  first  time  the  complaint  about  labor  that 
In  the  later  days  became  so  prolific  an  excuse  for  the  failure  of  every  badly 
conceived,  ill-directed,  and  worse-managed  coal  mining  enterprise  that  scored 
an  additional  failure.  The  auditor  of  the  Visayas  calls  the  labor  trouble  to 
the  attention  of  the  governor-general  in  this  language :  '*  That  among  the  vari- 
ous obstacles  that  exist  for  the  prosperity  of  the  province  under  my  command, 
account  should  be  taken  of  the  lack  of  hands,  the  lack  of  affection  for  labor 
of  our  natives,  and  their  Inconstancy  In  carrying  to  completion  the  agreements 
they  make  and  the  enterprises  they  undertake." 

A  long  memorial  on  southern  Luzon  and  the  newly  discovered  coal  fields  of 
Caramuan,  in  South  Camarines,  closes  the  official  history  of  this  period,  and 
adds  but  one  new  discovery.  This  memorial,  written  by  Sefior  Baranda,  the 
Inspector  of  mines,  Is  both  Interesting  and  learned  and  very  clearly  marks  the 
border  line  between  this  period  of  first  steps  In  development  and  the  next 
period,  commencing  with  the  year  1853,  which  may  be  properly  named  the  dawn 
of  the  coal-mining  industry. 

Ordered  by  the  governor-general,  in  March,  1852,  to  visit  the  newly  reported 
coal  fields  of  Caramuan  on  the  Pacific  coast.  May  of  that  year  finds  the 
Inspector  at  Neuva  Caceres,  and  reporting  that  he  Is  awaiting  a  guide,  and 
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complaining  of  the  exposure  "by  reason  of  the  danger  of  being  captured  by 
the  Moros,  who  for  a  greater  part  of  the  year  remain  along  those  coasts.", 
August  still  finds  the  Inspector  at  Nueva  Caceres,  where,  in  response  to  a  sharp 
letter  of  inquiry  from  Manila,  he  asks  a  friend  at  court  to  appease  the  wrath 
of  his  lordship  in  case  he  shall  inquire  again,  by  a  statement  not  only  of  the 
dangers  from  the  Moros,  but  by  reason  of  physical  infirmities,  the  nature  of 
one  of  which  he  broadly  states  In  the  words,  "  He  who  can  sit  down  no  more 
than  halfway  can  much  less  ride  horseback  and  travel  over  mountalna"  It 
seems  that  his  lordship  had  promised  the  Inspector  a  leave  of  absence  of  two 
months,  and  this  he  was  waiting  for  in  order  that  he  might  go  to  Albay  for  his 
vacation;  and  he  winds  up  his  plaintive  letter  to  his  friend  in  this  regretful 
strain :  "  My  friend,  you  are  enjoying  yourself  In  Manila  with  the  latest  comic 
opera,  and  I  meanwhile  am  here,  wearied  with  the  infirmities  of  old  age  and 
unable  to  go  to  Albay,  as  I  desire."  The  memory  of  his  lordship,  however, 
was  not  defective,  and  the  inspector's  excuses  were  not  acceptable,  and  he  was 
called  to  account  again,  and  this  time  he  responds  with  a  promise  to  move  as 
soon  as  he  can,  and  here  for  the  first  time  appears  the  evidence  of  a  proposition 
that  was  later  to  be  advanced  and  Insisted  upon  with  force  and  In  the  next 
few  years.  This  was  that  the  state  should  buy  the  improvements  of  the  coal 
miners  and  work  the  mines  on  its  own  account.  At  this  the  Inspector  expresses 
astonishment  and  files  a  mild  protest.  In  November,  1852,  however,  having 
completed  his  commission,  he  forwards  a  very  long  and  minute  report  touch- 
ing the  entire  section  of  southern  Luzon  and  the  coal  field  at  Caramuan,  which 
is  up  to  this  date  by  far  the  ablest  and  most  valuable  production  in  the  archives 
of  this  department.  The  test  of  the  samples  of  the  coal  at  the  Cavite  arsenal 
and  navy-yard  was  not  satisfactory,  for  we  find  our  old  acquaintances, 
James  Peckham  and  John  H.  Hunt,  signing  a  certificate  that  the  "  said  coal 
does  not  give  sufficient  heat  In  order  to  produce  steam;  and  we  are  of  the 
opinion  that  the  aforesaid  coal  has  been  taken  from  the  surface  of  the  ground." 
This  Caramuan  deposit  Is  known  as  the  Hanopol  field,  It  being  located  in  the 
neighborhood  of  Mount  Hanopol,  which  deposit  figures  later  in  the  develop- 
ment of  coal  mines. 

No  records  of  located  mines  of  coal  appear  In  the  archives  of  the  inspector- 
ate, although  the  filing  of  several  claims,  notably  at  Batan  and  Caramuan,  are 
noted  and  referred  to  in  the  correspondence  of  this  period.  The  closing  of  this 
period  shows  but  two  d^;>08its  of  coal  located  for  the  purpose  of  being  worked, 
namely,  those  of  Caramuan  and  Batan,  and  neither  of  them  were  worked  to 
such  an  extent  as  to  be  worthy  of  note  as  coal  mines ;  they  were  rather  specu- 
lative filings  and  depended  upon  the  foundation  of  chance  alone,  and  in  no 
measure  bear  the  Indications  of  an  attempt  or  desire  for  the  establishment  by 
private  individuals  of  a  bona,  fide  mining  enterprise.  They  seem  to  have  been 
abandoned  without  reaching  a  permanent  record.  In  the  meantime  prospectors 
and  investors  were  passing  over  other  portions  of  the  Islands  and  the  way  was 
being  paved  for  the  Institution  of  bona  fide  enterprises,  not  only  at  Batan,  but 
also  In  Cebu  and  elsewhere. 

On  May  3,  1851,  by  royal  decree  the  governor-general  was  authorized  to 
**  farm  out "  convicts  for  the  working  of  mines,  the  enterprise  to  pay  a  reason- 
able price  for  their  labor,  and  also  the  wages  of  the  guard,  and  requiring  8 
per  cent,  of  the  product  to  be  paid  to  the  State.  This  period,  then,  marks  the 
introduction  of  "contract  prison  labor"  in  the  Philippines,  and  became,  with 
others  later,  a  source  of  abuse  that  in  no  measure  tended  to  establish  the 
Spanish  administration  In  the  good  will  of  the  native  population.  The  experi- 
ment of  "contract  prison  labor"  farmed  out  to  outsiders  proved  an  engine 
of  abuse  and  oppression  in  the  Philippines,  as  It  has  In  all  other  countries 
where  such  a  system  has  prevailed.  In  closing  this  chapter  I  respectfully 
Invite  attention  to  the  fact  that  from  1846  to  1853  the  Spanish  authorities 
had  extended  their  power  and  control  over  a  very  limited  section  of  the  islands 
indeed;  it  was  but  a  few  miles  from  Yba,  on  the  western  coast  of  Luzon  and 
toward  the  Interior,  when  the  region  entered  upon  was  solely  In  the  control 
of  the  Infidels  and  "  lately  submitted ;"  while  in  the  south  of  Luzon,  with  the 
exception  of  three  places  at  the  most,  the  natives  held  undisputed  sway  Inland, 
and  the  Moros,  following  the  occupation  of  pirates,  dominated  the  coast  during 
the  larger  part  of  the  year.  Mining  had  not  become  a  feature  In  the  history 
of  the  Islands  up  to  this  date,  and  since  that  time  we  have  many  and  numer- 
ous records  showing  the  nature  and  extent  of  Its  progress  and  development 
which  enables  us  to  say  with  positive  assurance  and  without  fear  of  contra- 
diction  that  these  Philippine  Islands  have  never  yet  been  prospected  and 
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worked  for  minerals,  and  that  to-day  there  is  but  comparatively  little  more 
of  positive  information  as  to  the  nature,  extent,  and  value  of  the  min^ttl  de- 
posits of  this  archipelago  than  there  was  in  1853.  This  will  continue  to  remain 
so  until  the  passage  of  such  liberal  laws  as  will  enable  the  hardy  miners  and 
prospectors  of  the  world  to  penetrate  its  Jungle  thicknesses  and  thoroughly 
prospect  its  mountains  and  hills. 

While  this  bureau  is  in  possession  of  sufficient  information  to  be  assured 
that  the  mineral  resources  are  considerable  and  probably  great,  it  does  not 
possess  and  can  not  learn  its  true  nature,  value,  and  ext^t  without  the  aid 
and  assistance  of  mines  and  miners,  and  these  we  can  never  have  until  we 
have  not  only  laws,  but  liberal  and  encouraging  laws,  that  will  furnish  men  with 
an  inducement  to  face  the  dangers  of  the  interior  and  sustain  the  expense 
of  travel  over  roads  which  are,  in  the  mining  regions  of  the  interior,  little 
more  in  any  case  than  narrow  and  tortuous  trails.  To  these  obstacles  there 
is  also  added  the  richness  of  tropical  vegetation,  both  obscuring  the  face  of 
the  country  and  increasing  the  hardships  and  risk  of  travel  through  It,  and 
the  expense  of  prospecting  and  mining. 


Chapter  XIV. — The  Island  of  Mindanao. 

FYom  all  the  evidence  obtainable  the  late  inspector  of  mines  of  this  archi- 
pelago, in  an  article  written  by  him  in  the  year  1890,  was  fully  justified  in  hia 
statement :  **  The  beautiful  Island  of  Mindanao  is  the  richest  in  minerals  in 
the  whole  archipelago.  There  are  to  be  found  mineral  deposits  of  all  kinds, 
the  chief  of  which  are  gold,  silver,  and  coal."  The  island  seems  to  be  ex- 
tremely rich  in  its  deposits  of  coal,  so  far  as  number  and  extent  are  concerned, 
although  less  is  known  of  its  value  and  quality  than  of  the  other  regions  that 
have  been  described  in  this  work. 

In  the  year  1847  the  governor  of  Caraga  (now  Surlgao),  by  command  of  the 
governor-general,  submitted  an  extended  report  in  reference  to  the  coal  de- 
posits of  the  island  of  Slargao,  off  the  northeast  coast  of  the  main  island  of 
Mindanao,  which  reiwrt  is  of  interest,  as  it  is  descriptive  of  the  deposits  of 
Cacub  and  Dapa,  which  have  been  made  the  subject  of  an  attempted  entry 
of  60  pertenencias  by  Isidoro  Sanger,  under  date  of  November  14,  1898,  and 
by  means  of  one  of  the  so-called  '*  third-class  claims,"  whose  illegal  and  fraud- 
ulent character  have  been  exposed  in  official  reports  of  the  mining  bureau. 

The  report  of  the  governor  of  Caraga  was  made  to  the  commanding  general 
of  the  Visayas  on  March  25,  1847,  the  substance  of  the  report  being — 

First.  That  there  are  two  mines  discovered,  situate  in  the  towns  of  Cacub 
and  Dapa,  both  on  the  island  of  Slargao. 

Second.  That  the  mines,  not  being  exploited,  there  is  no  present  supply  of 
coal  to  be  obtained  from  them. 

Third.  That  no  estimate  can  be  given  as  to  what  amount  these  mines  would 
produce,  but  the  deposits  afford  indications  of  abundance. 

Fourth.  That  the  claimants  of  the  mine,  not  having  their  mines  exploited, 
decline  to  submit  propositions  to  furnish  coal  therefrom  to  the  state. 

Fifth.  That  the  cost  price  of  placing  the  coal  on  the  nearest  coast  would  be 
11  reales  per  quintal ;  that  the  transportation  is  expensive,  having  to  be  made 
over  difficult  roads,  using  carabaos  as  beasts  of  burden ;  that  anchorage  grounds 
are  not  frequent  except  for  small  boats,  which  generally  go  to  the  shore,  and 
the  ships  of  heavy  burden  must  anchor  some  distance  from  the  shore  and  In 
a  situation  that  would  not  secure  their  safety  during  the  southwest  monsoon. 

It  is  but  fair  to  say  that  this  Information  is  not  quoted  as  reliable,  since  the 
governor  of  Caraga  himself  says  that  his  sources  of  information  are  not  en- 
tirely satisfactory.  Several  boxes  of  this  coal  were  obtained  and  sent  to  the 
governor-general. 

In  his  letter  of  transmittal  the  commanding  general  (acting  governor)  of 
the  Visayas  makes  this  interesting  comment,  which  we  quote  because  of  its 
bearing  upon  questions  of  transportation  and  labor,  both  of  which  are  of  great 
importance  in  the  development  of  the  coal  mines  of  the  archipelago : 

"  The  mine  situated  at  Dapa  is  found  nearer  to  the  coast  than  that  of  CJacub 
and  affords  better  samples.  Both  distances  are  short,  although  I  am  not  able 
at  the  present  time  to  state  it  by  reason  of  the  lack  of  data.  Those  from  the 
territory  capable  of  Judging  say  that  a  well-planned  road  for  these  mines  would 
be  insignificant.  In  order  to  complete  this  account  so  far  as  In  my  power,  I 
call  your  excellency's  attention  to  the  fact  that  among  the  various  obstacles 


MINERAL  RESOURCES,  MINES,  AND  MINING.         375 

that  exist  for  the  prosperity  of  the  province  under  my  command  that  account 
must  be  taken  of  the  lack  of  laborers,  the  lack  of  affection  for  labor  in  our 
natives,  and  their  inconstancy  in  carrying  to  completion  the  agreements  they 
make  and  the  «iterprises  they  undertake,  with  which  difficulties  whoever  re- 
solves upon  the  exploitation  of  said  mines  would  perhaps  vainly  have  to  con- 
tend. This  objection,  however,  is  not  insuperable,  because  the  island  of  Bohol 
affords  a  considerable  and  poor  population  who  daily  emigrate  in  search  of 
work,  and  from  there  the  hands  which  are  lacking  for  the  labors  of  the  mines 
and  the  construction  of  the  main  passages  which  lead  to  them  could  be  taken 
if  they  could  be  utilized  for  these  services." 

The  boxes  of  coal  were  sent  to  the  inspector  of  mines,  Mr.  Baranda,  who 
evidently  did  not  have  a  very  good  opinion  of  the  samples,  for  in  his  very 
brief  report  of  July  16,  1847,  he  disposes  of  the  entire  matter  in  this  laconic 
statement : 

"  In  view  of  the  communication  of  the  governor-intendant  of  the  Visayas,  and 
the  samples  of  coal  which  your  excellency  was  pleased  to  send  me,  I  may  say 
to  your  excellency  that  in  this  inspectorate  there  is  an  account  of  the  deposits 
of  the  island  of  Siargao,  and  that  I  visited  them  myself  in  November,  1839. 
The  quality  of  the  coal  can  only  be  known  with  certainty  by  making  tests, 
and  repeated  tests,  for  the  purposes  for  which  it  is  to  be  used.  The  chemical 
tests  and  the  appearance  of  the  outside  characteristics  might  perhaps  be  a 
guide  of  little  security,  so  that  I  shall  limit  myself  by  stating  to  your  excel- 
lency that  I  have  seen  samples  of  coal  from  the  said  island  of  Siargao  that 
seemed  to  me  of  better  quality  than  those  which  your  excellency  was  pleased 
to  send  me." 

Near  to  the  Island  of  Siargao  is  the  island  of  Dinagat,  and  in  the  year  1874 
five  petitions  appear  upon  the  records  relating  to  coal  deposits  upon  the  latter 
island,  and  located  at  Tubajong,  Mabua,  and  Aliton.  Elvidently  news  traveled 
slow  in  those  days,  for,  while  the  code  of  1867  had  been  published  in  the  Ga- 
zette early  in  the  year  1868,  after  the  lapse  of  six  years  the  knowledge  of  the 
new  code  had  not  reached  the  capital  of  the  third  district  of  Mindanao,  at 
Surigao,  for  all  of  these  petitions  were  drawn,  presented,  and  forwarded  under 
the  code  of  1846.  They  were  returned  to  the  provincial  governor  for  further 
proceedings  under  the  new  code,  and  further  evidence  of  them  is  not  found 
in  the  records  of  the  Inspectorate.  Five  years  later  (1879)  one  Rafael  Herrera 
Lo-Liang-Co,  described  as  a  Christianized  Chino,  and  a  merchant  and  resident 
of  the  town  of  Tabonga,  in  that  district,  petitioned  for  1  pertenencia  of  coal 
land  near  Tagagag,  proceeding  under  the  code  of  1867,  and  succeeded  in  ad- 
vancing his  claim  to  the  point  where  it  was  sent  to  the  general  inspectorate 
of  mines  for  the  purposes  of  legal  demarcation,  and  a  survey  was  ordered  in 
April,  1880;  but  it  would  seem  that  the  Chino  did  not  value  his  coal  mine  to 
the  extent  of  paying  the  cost  of  the  survey,  for  on  July  20,  1880,  he  renounced 
his  claim  and  it  was  abandoned. 

In  the  year  1886  a  merchant  of  Cagayan,  a  peninsular  Spaniard,  named 
Ovidio  Fernandez  Pereiro,  presented  a  petition  for  35  pertenenclas,  under  the 
name  of  "  Ulloa."  This  mine  was  located  at  the  village  of  Calvan,  in  the  town 
of  Amulung,  near  the  estuary  of  the  same  name,  in  the  district  of  Cagayan. 
This  proceeding  likewise  seems  to  have  come  to  naught,  there  being  no  record 
save  only  the  fact  of  the  presentation  of  the  petition.  From  other  sources  we 
learn  that  this  deposit  is  a  very  large  one  and  capable  of  easy  development. 

This  completes  the  record  of  the  coal  entries  and  record  discoveries  on  the 
north  side  of  Mindanao.  It  is  known,  however,  that  very  many  other  coal 
deposits  are  found  in  these  neighborhoods,  all  of  which  are  undeveloped  and 
their  value  unknown.  On  the  east  coast  coal  has  been  discovered  in  many 
places,  and  notably  at  Blslig.  It  is  also  discovered  at  many  points  on  the 
south  coast,  but  no  record  is  made  in  the  archives  of  the  bureau  except  that 
of  the  deposit  of  Mount  Maraslngan,  in  the  territory  of  Sibuguey,  upon  which 
we  have  two  long  reports,  dated  in  1855  and  1856,  respectively,  from  a  com- 
mission under  the  direction  of  the  commandant  of  engineers  of  Zamboanga, 
who  led  an  expedition  for  the  purpose  of  examining  these  coal  deposits,  which 
had  been  reported  to  be  of  great  extent,  easy  of  access,  and  available  for  the 
purpose  of  supplying  the  naval  station  of  Zamboanga  with  coal  for  the  fleet. 

These  reports  will  not  be  given  at  length.  The  result  of  the  expedition  was 
36  tons  of  very  dirty  coal,  to  extract  which  amount  and  convey  it  to  the  coast 
required  the  labor  of  100  prisoners  for  the  period  of  seventeen  days.  The 
coal  was  not  found  In  large  deposits,  and  the  distance  from  the  coast  was 
from  five  to  six  days*  travel,  according  to  the  method  of  reckoning  distance 
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by  the  natives  of  that  section.  The  coal  was  brought  to  Manila  and  tested  In 
the  war  ship  Magallanes  in  the  presence  of  many  competent  witnesses.  It  was 
found  that  the  amount  consumed  was  from  23  to  26  quintals  instead  of  from 
9  to  10  quintals  of  Cardiff  coal  for  a  like  period.  The  residue  of  ash  was  very 
great,  and  the  coal  was  declared  unfit  for  steam-malsing  purposes.  These  re- 
ports contain  much  interesting  data  of  local  historical  value,  but  as  a  proof 
of  the  extent  and  value  of  the  coal  deposits  they  have  litle  value.  It  is  but 
fair  to  say  that  the  examination  of  the  deposits  was  superficial,  and  the  whole 
transaction  leaves  an  impression  on  the  reader  that  but  little  real  interest  was 
felt  in  the  result  of  the  expedition  by  those  In  charge.  In  fact,  the  emln«it 
engineer,  Antonio  Hernandez,  in  his  comments  thereon,  sums  up  the  result  in 
this  manner :  *'  Their  discovery  adds  only  some  Interesting  data  to  that  which 
exists  concerning  carboniferous  deposits  in  many  other  points  in  the 
archipelago." 

In  conclusion,  we  need  only  to  add  that  since  the  American  occupation  we 
have  had  numerous  reports  of  the  existence  of  coal  at  other  points,  but  these 
reports  have  little  value  by  reason  of  the  lack  of  samples  of  the  coal,  as  well 
as  the  uncertainty  of  description. 

Chapter  XY. — ^The  Island  of  Xasbate. 

On  July  26,  1887,  proceedings  were  commenced  for  the  location  of  the  coal 
mines  "  San  Jose "  and  "  Santa  Cruz,"  of  4  pertenencias  each.  These  two 
areas  are  contiguous  and  are  located  in  the  town  of  Cataingan,  in  the  barrio 
of  Nabangig,  on  the  southeastern  coast  of  the  island  of  Masbate.  On  May  25, 
1888,  these  mines  were  platted,  having  been  previously  surveyed  by  the  mining 
engineer  of  the  inspectorate,  and  on  May  31,  1888,  titles  of  property  were  duly 
issued  to  Jose  Mufioz.  These  properties  have  been  worked  with  more  or  less 
regularity,  and  the  titles  have  not  been  canceled  or  annulled  by  the  Spanish 
ofliclals,  and  upon  the  records  they  consequently  present  a  prima  facie  evidence 
of  title. 

The  records  and  archives  disclose  the  fact  that  the  concessionary  was  working 
the  mines  up  to  and  including  the  year  1895,  as  will  be  seen  by  the  extracts 
from  these  archives  at  the  close  of  this  chapter.  From  the  report  of  an  Eng- 
lish engineer  who  visited  these  mines  for  the  purpose  of  making  a  report 
thereon  shortly  before  the  Spanish-American  war  we  have  obtained  the  follow- 
ing detailed  information  in  reference  to  the  deposit: 

The  coal  fields  are  located  at  a  distance  of  a  little  over  7  miles  from  the 
barrio  of  Cataingan,  which  is  the  place  of  landing.  The  property  embraced  in 
the  title  is  intersected  by  the  river  Nabangig,  and  in  the  outcroppings  along 
the  banks  of  this  river  three  workable  seams  of  coal  are  found — one  of  4  feet 
1  inch  in  thickness,  another  of  3  feet  2  inches,  and  the  other  of  3  feet  1  inch,  and 
all  lying  at  an  angle  of  70°.  Several  other  beds  of  coal  are  also  found,  but 
too  thin  to  work  profitably.  From  the  formation  it  is  to  be  inferred  that  there 
are  other  workable  seams  in  the  neighl>orhood  which  will  be  found  as  the  known 
seams  are  being  worked. 

An  analysis  of  the  coal  from  the  4  foot  1  inch  vein,  made  by  Mr.  A.  H. 
Holditch,  an  English  analyst,  gave  the  following  result: 

Water,  at  212°  F 10.50 

Ash —      4.38 

Sulphur 4.00 

Volatile  matter 43.31 

Fixed  carbon 41. 40 

Total  __„' 100. 00 

To  this  analysis  Mr.  Holditch  adds,  as  a  notation : 

"  The  coal  is  remarkable  as  containing  so  much  moisture,  but  I  failed  to  make 
it  coke  at  all.  It  did  not  seem,  by  any  heat  I  could  apply,  possible  to  make  the 
particles  adhere.    It  crumbled  up  at  once  when  removed  from  the  crucible. 

"The  ash  and  the  sulphur  are  both  very  small,  and  the  coal  would  make 
very  good  steam  coal." 

The  quantity  of  moisture  in  the  coal  was  caused  by  the  sample  having  been 
taken  from  the  outcropping,  and  by  the  hygroscopic  quality  of  the  coal  gen- 
erally. The  coal  was  found  to  be  hard  and  bright  looking,  and  on  the  return 
trip  of  the  engineer  from  Masbate  the  thick  coal  was  tested  on  one  of  the 
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Manila  steamers.  It  was  found  that  it  was  almost  smokeless,  while  the  Japa- 
.  nese  coal  that  was  much  used  gave  off  large  volumes  of  black  smoke  whenever 
coal  was  put  on  the  fires.  The  engineer  on  board  the  steamer  informed  him 
that  the  Masbate  coal  did  not  make  so  much  dust  as  the  Japanese  coal*  and 
that  10  tons  of  Masbate  coal  was  equal  to  12  tons  of  the  Japanese  coal  that 
was  sold  in  Manila  for  steam  purposes. 

The  same  engineer  Is  also  the  authority  for  the  statement  that  he  had  called 
at  Singapore  on  his  way  home  and  made  inquiries  about  the  Japanese  coal  and 
examined  some  of  it  and  found  it  very  small,  and  also  that  after  being  exposed 
to  the  weather  for  a  few  months  it  was  very  inferior  to  Cardiff  coal  and  was 
only  in  fair  demand  on  account  of  its  comparative  cheapness. 

The  amount  of  coal  in  the  above  concessions  is  estiniated  to  be  sufficiently 
great  to  keep  a  colliery  going  for  twenty  years,  with  an  annual  output  of  3,000 
tons,  and  that  two  years'  time  would  be  required  to  open  out  the  mine  for  a 
full  supply;  that  when  the  present  concessions  are  exhausted  they  could  be 
easily  extended  to  any  extent  at  merely  nominal  cost,  and  the  coal  mines  of 
Masbate  were  recommended  by  him  as  a  safe  and  remunerative  Investment. 

The  coal  mines  in  question  have  been  visited  by  American  prospectors  and 
miners  since  the  American  occupation,  through  whose  courtesy  we  have  received 
samples  of  the  surface  coal  from  these  mines,  and  also  from  other  outcropping 
in  the  neighborhood.  The  examination  of  these  samples  confirms  the  recom- 
mendations made  in  the  report  of  the  English  engineer  above  quoted,  and  the 
location  of  the  coal  deposit  geographically  seems  to  confirm  the  theory  that 
this  deposit  is  a  portion  of  an  extended  seam  of  coal  running  from  the  north- 
west toward  the  southeast,  and  appearing  under  similar  conditions  on  the 
islands  of  Mindoro  and  Samar.  We  are  not  in  possession  of  any  information 
whatever  in  reference  to  the  present  owners  and  claimants  of  the  Spanish  titles, 
and  by  reason  of  the  fact  that  all  work  in  the  way  of  mining  in  the  island  of 
Masbate  has  been  necessarily  suspended  by  reason  of  insurrection,  are  unable 
to  state  whether  the  property  has  been  abandoned  by  its  former  onwers  or  not. 
There  seems  to  be  very  little,  if  any,  question,  however,  as  to  the  practical 
steam-making  qualities  of  the  coal  of  Masbate,  as  will  be  seen  from  the  com- 
parison of  the  analysis  contained  in  this  chapter  with  the  analysis  of  the  coals 
of  Japan  and  other  lignite  coals,  which  will  be  found  in  a  subsequent  chapter 
of  this  work.  The  island  of  Masbate,  by  reason  of  its  nearness  to  the  city  of 
Manila  and  the  proximity  of  the  mine  to  the  coast,  together  with  other  physical 
surroundings  that  have  been  called  to  our  attention  by  the  American  prospectors 
who  have  visited  these  deposits,  especially  commend  it  as  a  favorable  field  for 
development,  and  it  is  probable  that  the  coal  mines  of  Masbate  will  be  worked 
at  an  early  date. 

From  the  archives  of  the  inspectorate  we  gather  the  following  Interesting 
incidents  relative  to  the  exploitation  of  the  Masbate  coal  fields  of  "  San  Jose  " 
and  "  Santa  Cruz : "  Notwithstanding  the  fact  that  the  law  presumed  an  annual 
visit  and  inspection  of  the  mines  by  the  engineer  of  mines,  no  visit  had  actually 
been  made  to  the  mines  of  Jose  Mufioz  &  Son,  at  Cataingan,  up  to  the  year  181M. 
In  March  of  that  year  Enrique  de  Almonte  was  commissioned  to  make  a  visit 
of  inspection,  and  his  report  was  by  no  means  favorable  to  the  concessionary. 
The  force  of  men  was  found  insufficient,  the  working  of  the  mines  avaricious 
and  detrimental  to  their  future  profitable  exploitation.  No  shafts  or  tunnels 
had  been  constructed  and  the  coal  had  been  mined  from  the  surface  crop- 
pings  in  no  less  than  16  different  and  distinct  places,  producing  a  total  output 
of  623  tons  In  six  years,  and  all  of  these  from  open  pits  along  the  bank  of 
the  river  Nabanglg.  It  brings  a  smile  to  the  face  of  those  of  us  who  are  accus- 
tomed to  the  regular  and  systematic  workings  of  the  lignite  coals  of  the  Pacific 
coast  and  the  mountain  States  and  Territories  of  the  United  States,  whose 
coals  are  in  all  respects  similar  to  the  Philippine  coals,  to  examine  the  diagrams 
and  read  the  descriptions  of  the  mine  workings  of  this  Masbate  coal  mine.  It 
was  not  mining  nt  all.  Jose  Mufioz,  the  concessionary,  was  fined  100  escudos 
(^50)  and  paid  the  fine.  The  next  year,  however,  Mufioz  was  on  time  with  a 
petition  In  February  In  which  he  set  forth  his  troubles  and  sorrows  with  his 
coal  mine,  and  as  this  petition  graphically  calls  attention  to  two  very  Important 
questions  In  connection  with  mining  In  the  Philippines,  namely,  the  labor  ques- 
tion and  the  holiday  question,  I  give  his  petition  in  full : 

•*  To  the  most  excellent  director-general  of  civil  administration: 

"Jose  Mufioz,  with  personal  cedula,  etc.,  concessionary  of  the  coal  mines 
•  San  Jose'  and  *  Santa  Cruz,'  situate  in  the  district  of  Cataingan,  in  Masbate, 
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respectfully  shows  that  In  spite  of  the  efforts  that  he  has  made  to  attract  to 
his  mines  the  scanty  and  scattered  population  that  the  extensive  township  of 
Cataingan  contains,  and  even  that  of  the  neighboring  town  of  Palanas,  it  has 
been  impossible  to  secure  them,  even  conceding  to  them  every  advantage  by  the 
construction  of  dwelling  places  for  them  and  the  payment  of  day  wages  very 
much  higher  than  usual  in  the  district.  Those  natives,  accustomed  to  a  pas- 
toral life,  alternated  with  small  cultivations  which  permit  th«n  to  live  at  ease 
the  greater  part  of  the  day,  in  no  manner  admit  the  regular  labor  which  mines 
indispensably  require,  and  the  few  operatives  who,  by  force  of  gifts,  have  con- 
sented to  give  their  services  as  mining  laborers  have  deserted  in  a  short  time, 
wearied  by  those  labors  that  they  find  very  difficult  and  that  require  a 
sustained  muscular  force. 

"Another  inconvenience  is  that  when  any  native  does  consent  to  enter  into  a 
contract  it  is  with  the  condition  of  not  abandoning  his  little  cultivated  field,  and 
at  the  arrival  of  the  period  of  seed  time  or  harvest  they  abandon  the  mines 
without  a  thought  of  the  injuries  that  result  from  their  Instability. 

**  Obtaining  workmen  from  the  island  of  Leyte  and  from  the  provinces  of  the 
Camarlnes  and  Albay  has  been  tried,  and  some  of  them,  by  reason  of  having  in 
their  possession  a  small  amount  of  money,  took  themselves  off,  especially  at 
the  time  of  the  occurrence  of  the  fiesta  of  their  pueblo,  and  others  because 
they  found  the  work  of  excavating  the  hard  sandstone  that  constitutes  tliat 
land  very  difficult,  and  all  of  them,  in  general,  find  the  scantily  inhabited  com- 
munity very  unpleasant,  because  unprovided  with  the  fiestas  tliat  they  find  in 
their  own  pueblos.  Thus  it  is  that  at  times  not  even  the  doubling  of  the  usual 
pay  in  that  district  has  been  found  effective  in  retaining  them.  Last  year  a 
few  and  limited  supply  of  laborers  were  hired  and  less  than  half  were  from 
this  district ;  the  rest  were  made  up  of  some  Tagalogs,  some  Vicols,  and.  the 
remainder  Visayans  from  various  places,  and,  as  customarily  happ^is  in  such 
cases,  of  the  poorer  class  from  each  province,  so  that  each  ton  of  coal  has  cost 
nearly  double  the  price  obtained  for  it  on  sale. 

"  Under  such  conditions  it  has  only  been  possible  to  exploit  in  open  workings, 
with  a  notable  injury  to  the  said  concessionary,  since  the  laborers  obstinately 
refuse  to  work  under  ground,  and  the  undersigned  is  not  able  to  collect  a  colony 
of  Ilocanos,  or  from  another  tribe  of  the  country  in  sufficient  number,  who  by 
contract  will  adjust  themselves  to  a  fixed  time,  which  is  that  which  he  attempts 
to  secure  at  present;  he  will  have  no  other  remedy  than  to  have  recourse  to 
Asiatic  immigration,  difficult  of  promoting  and  establishing  to  advantage, 
for  which  he  will  have  to  secure  considerable  capital  and  no  little  time,  in  case 
the  petitioner  attempts  by  all  the  skillful  means  at  his  command  to  find  in  the 
country  Itself  the  hands  that  he  needs. 

"  If  to  all  this  I  have  stated  your  excellency  adds  the  enormous  inequality 
in  exchange  with  Europe,  which  makes  the  exportation  of  the  machinery 
necessary  in  every  kind  of  a  mine  Impossible,  and  which  has  paralyzed  for  the 
present  the  trade  in  which  the  subscriber  was  engaged  with  an  enterprise  in 
London,  your  excellency  will  be  able  easily  to  deduce  the  uncertainty  of  the 
present  situation  of  the  aforesaid  mines,  and  in  case  that  the  visit  of  Inspection 
to  the  said  mines  Is  made,  the  undersigned  begs  that  you  will  be  kindly  dis- 
posed to  pardon  the  faults  that  may  be  observed  in  the  course  of  said  visits  of 
inspection  at  said  mines,  because  of  their  being  due  to  causes  foreign  to  the 
will  of  the  concessionary,  etc. 

"  Manila,  February  15,  1895. 

"  Jose  Munoz." 

Upon  the  recommendation  of  Inspector  Abella,  who  said :  "  These  difficulties, 
more  or  less  exaggerated,  are,  unfortunately,  too  true;  and  both  contribute  to 
delay  effectively  the  development  that  was  hoped  In  these  and  other  exploita- 
tions of  Filipino  coal,"  the  visits  of  inspection  for  1895  were  indefinitely  post- 
poned, as  had  been  done  also  in  the  case  of  the  coal  mines  of  Mlndoro  and 
other  localities. 

It  may  not  be  out  of  place  to  ask  these  questions :  Under  the  changed  condi- 
tions of  affairs  will  the  natives  of  these  islands  now  give  their  services  as 
lat)orers  in  the  mines  for  a  fair  compensation,  and  with  a  constancy  that  will 
enable  the  mines  to  be  operated  with  regularity  and  to  compete  with  the  Aus- 
tralian and  Japanese  coals  in  the  Philippine  market?  Or,  on  the  other  hand, 
must  resort  be  had  to  Asiatic  labor  by  the  importation  of  Chinese,  with  the 
alternative  of  abandoning  the  rich  mineral  deposits  of  coal  that  are  known  to 
exist  in  the  archipelago?  The  answer  to  these  questions  is  with  the  natives 
themselves. 
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Chapter  ZYI. — The  Island  of  Luzon. 

In  addition  to  the  deposits  of  coal  on  the  island  of  Luzon  and  its  neighboring 
small  islands,  which  have  been  heretofore  described  in  more  or  less  detail,  it 
is  well  Imown  that  there  are  other  deposits  of  lignite  of  like  character  in 
greater  or  less  quantities  in  very  many  other  pprtions  of  the  island. 

On  May  26,  1889,  one  Anacleto  del  Rosarlo  and  an  associate  solicited  the 
registry  of  a  coal  mine  to  be  known  as  *'  Legaspi,"  at  the  place  called  Blna- 
cunyan,  in  the  town  of  Montalban,  in  the  province  of  Manila. 

Upon  publication  of  the  notices,  Mr.  Esteban  Atencio  y  Bonilla  presented  a 
protest,  alleging  that  he  was  the  owner  of  the  land,  and  on  August  25  he  pre- 
sented a  certificate  from  the  inspector-general  of  mountains  in  order  to  estab- 
lish his  title  to  the  property.  The  petition  for  demarcation,  accompanied  by 
samples  of  the  coal,  was  presented,  notwithstanding,  but  before  official  action 
was  completed,  and  on  October  7,  1889,  the  mine  was  formally  renounced  by 
the  claimants.  The  samples  of  coal  from  this  deposit  seem  to  be  of  superior 
quality  and  very  similar  to  the  samples  of  coal  from  the  island  of  Polillo,  in 
the  province  of  Infanta,  one  of  the  deposits  of  which  furnished  the  basis  for 
the  location  of  the  "  San  Rafael "  mine  on  July  29,  1877,  based  upon  a  discovery 
on  the  eastern  slope  of  Mount  Malolod. 

From  Centeno's  Monograflas  Geologicas  it  is  learned  that  in  .the  destructive 
earthquake  of  1879  pieces  of  mineral  coal  were  cast  up  from  the  fissures  that 
were  opened  in  the  immediate  vicinity  of  the4own  of  Ayuso,  in  the  province  of 
Tarlac.  We  have  recently  been  shown  samples  of  coal  that  were  said  to  have 
been  obtained  at  various  points  in  the  Zambales  Mountains,  and  it  is  a  well- 
known  and  established  fact  that  there  are  large  deposits  of  coal  found  at 
various  points  in  the  rich  Cagayan  Valley  at  the  northern  end  of  the  island. 
Coal  has  also  been  discovered  since  the  American  occupation  on  the  west 
coast  of  the  island  of  Luzon,  in  the  foothills  of  the  mountain  chain  between 
the  Ilocanian  provinces  and  Lepanto  and  Abra.  "  In  fact,  deposits  of  coal  are 
distributed  from  the  nothem  end  of  Luzon  to  the  southeastern  extremity. 
Of  many  of  these  occurrences  nothing  more  is  known  than  that  lignite  has  been 
found.  The  vegetation  is  so  luxuriant  that  in  most  cases  it  is  something  of 
a  task  to  ascertain  anything  more  definite.  The  best  deposits  known  appear 
to  be  in  the  extreme  southern  end  of  Luzon  and  on  small  adjacent  islands. 
Here  the  quality  is  good  and  the  thickness  of  the  beds  reaches  nearly  15  feet. 
The  outcrop  is  near  the  shore,  and  it  was  here  that  the  Insurgents  supplied 
their  steamers  with  fuel." 

The  above  quotation,  from  the  pen  of  George  F.  Becker,  United  States  geolo- 
gist, is  a  fair  and  exact  statement  of  the  conditions  in  reference  to  the  coal 
deposits  of  the  archipelago  generally,  not  only  as  applied  to  Luzon,  but  all 
other  portions  of  the  islands. 

At  various  distances  from  the  Lacuna  de  Bay,  in  the  provinces  of  Laguna 
and  Morong,  are  also  many  known  beds  of  lignite,  and  some  of  them  of  suffi- 
cient size  and  convenience  of  location  to  render  them  profitable  for  development 
as  soon  as  the  necessary  roads  and  bridges  can  be  supplied  for  the  purposes  of 
transportation.  In  this  locality  also,  and  at  various  i)oints  between  the  eastern 
end  of  the  Laguna  de  Bay  and  the  Pacific  coast,  natural  oil  springs  are  reported, 
which  seem  to  indicate  the  presence  of  an  oil-bearing  strata  of  considerable 
extent.  So  numerous  are  the  indications  of  coal  and  oil  in  the  immediate 
vicinity  of  the  city  of  Manila  that  it  is  a  matter  of  considerable  surprise  that 
only  one  attempted  coal  location  has  been  found  upon  the  records  and  archives 
of  the  Department  of  Mines.  I  have  made  a  special  effort  to  find  out  the  par- 
ticulars in  reference  to  the  coal  deposits  last  quoted,  and  from  the  informa- 
tion that  I  have  been  able  to  gain  I  have  very  little  doubt  of  the  existence  of 
coal  in  that  portion  of  the  island  of  Luzon,  good  in  quality  and  extensive  in 
quantity.  It  would  seem  that  but  very  little  attention  has  been  given  to  the 
prospecting  and  developing  of  the  coal  seams  and  measures  at  the  very  doors 
of  the  metropolis  of  the  archipelago.  This  is  all  the  more  remarkable  inas- 
much as  so  much  aid  and  assistance  have  been  given  to  the  development  of  coal 
mining  In  the  Philippines  on  the  part  of  the  General  Government  of  Spain 
and  the  local  government  of  the  archipelago.  While  I  am  unwilling  to  assert 
as  a  positive  fact  that  paying  coal  beds  can  be  developed  within  the  immediate 
radius  of  the  city  of  Manila,  since  I  have  had. no  opportunity  to  verify  in  per- 
son the  various  statements  that  have  been  made  to  me  in  reference  thereto 
or  collect  myself  or  under  the  supervision  of  the  bureau  samples  from  these 


380     APPENDIX  TO  BEPORT  OF  tHE  PHlLIPl»INE  COMMlSStON. 

deposits,  I  am  entirely  satisfied  in  recommending  to  miners  and  prospectors  a 
careful  examination  of  the  fields  referred  to,  and  on  the  part  of  the  Govern- 
ment an  examination  of  this  entire  section  of  country  by  an  expert  geologist 
and  engineer  from  the  Department  of  Mines  as  soon  as  the  condition  of  the  coun- 
try will  permit.  In  fact,  a  detailed  geological  survey  of  Luzon  and  its  adjacent 
islands  should  be  the  very  first  field  to  receive  attention  whoi  the  geological 
work  of  the  mining  bureau  is  resumed. 

Chapter  XYIL — ^The  Island  of  Xlndoro. 

By  reference  to  the  table  of  mines  It  will  be  seen  that  ten  mines  of  coal  are 
credited  to  this  little-known  island.  Of  these  the  "  Santa  Maria,"  of  two  per- 
tenencias,  is  located  on  the  small  island  of  Semerara,  directly  south  of  Mindoro, 
and  title  was  issued  for  this  mine  on  May  12,  1883.  This  mine  is  the  property 
of  the  well-known  merchant  and  boat  owner,  Antonio  de  Yribar,  of  Manila, 
who  has  made  a  business  of  trading  with  the  island  of  Mindoro  for  many 
years.  He  is  also  the  claimant  of  a  mine  situated  on  the  main  island  of  Min- 
doro, in  the  town  limits  of  Bulalacao.  This  latter  property  does  not  appear 
in  the  list  of  mines,  for  the  reason  that  it  belongs  to  a  class  of  claims  known 
as  **  provincial  claims,"  or  claims  instituted  by  petition  presented  to  the  politico- 
military  governor  and  that  had  not  reached  the  inspectorate  of  mines  on  peti- 
tion for  demarcation  prior  to  American  occupation.  We  have  had  placed  at  our 
disposal  by  Captain  de  Yribar  an  elaborate  report  on  this  property,  made  by 
the  well-known  engineer,  Fenton  W.  Hill,  of  Manila,  from  which  we  shall 
make  liberal  quotations  hereafter.  The  same  report  also  contains  information 
of  a  mine  claimed  by  the  Recoletos  Order  of  Friars,  in  the  same  neighborhood. 
We  acknowledge  the  courtesy  of  Captain  de  Yribar,  not  only  for  the  use  of 
this  report  and  its  accompanying  maps  and  diagram  of  a  proposed  railway, 
but  also  for  much  other  valuable  information  about  the  island  of  Mindoro 
and  its  resources. 

The  other  nine  mines  are  divided  into  two  groups,  eight  of  them  located  at 
Slay  and  Napisian,  in  the  town  of  Bulalacao,  and  titled  on  May  12,  1893, 
Each  of  these  mines  embrace  four  pertenencias.  The  remaining  mine,  the 
San  Felix,  of  four  pertenencias,  also  in  Bulalacao,  belongs  to  the  "second 
class,"  or  claims  awaiting  demarcation  at  the  date  of  American  occupation. 

The  careful  reader  will  recall  the  accounts  of  the  early  visits  made  to  the 
coal  fields  of  Semerara,  and  especially  the  voyage  that  was  arranged  for  that 
island,  to  be  later  extended  to  the  island  of  Negros,  and  which  resulted  in 
the  discovery  and  location  of  the  coal  mines  at  Guila-Guila,  In  Cebu.  The  coal 
of  Semerara  is,  therefore,  not  a  new  discovery.  The  coal  fields  of  Bulalacao 
are  of  later  date. 

The  commander  of  the  steam  transport  Patino,  returning  to  Manila  from  a 
voyage  to  the  south,  put  into  the  port  of  Bulalacao,  on  the  south  of  Mindoro, 
on  March  22,  1879,  and  the  conditions  of  the  sea  and  wind  not  permitting  the 
continuance  of  the  voyage  he  sent  his  first  engineer  with  eight  stokers  and  a 
guide  to  visit  some  coal  deposits  that  the  natives  reported  to  him  existed  along 
the  banks  of  a  river  near  the  anchorage.  Upon  the  return  of  the  Patino  to 
Cavite  on  Christmas  Day  this  adventure  was  reported  to  the  commanding  gen- 
eral of  the  navy,  who  immediately  transmitted  it  to  the  governor-general  with 
the  remark :  "  The  great  facility  with  which  it  can  be  extracted,  and  the 
great  resources  for  any  ship  belonging  to  the  state  which  finds  itself  in  need 
of  combustible  along  these  coasts,  cause  me  to  beg  your  excellency  to  read  the 
report  of  the  engineer  concerning  it"  Upon  this  an  expedition  was  organized 
and,  under  the  direction  of  the  inspector  of  mines,  this  deposit  was  further 
examined.  From  the  voluminous  reports  and  correspondence  we  extract  so 
much  as  is  of  interest  or  value. 


Chapter  ZZI. — The  Island  of  Batan. 

The  island  of  Batan  is  not  a  stranger  to  the  reader.  It  figures  in  this  report 
as  early  as  1842,  when  the  governor  of  Albay,  Velarde,  was  working  its  large 
open  deposits  and  shipping  its  coals,  and  again  in  1847,  when  entries  were  made 
by  Martin  Varanda.  In  the  fifties  claims  were  filed  on  its  beds,  and  when  the 
famous  coal-mining  company,  "  JjB.  Paz,"  retired  from  business,  after  its  in- 
effectual attempt  to  increase  its  capital  stock  and  to  secure  financial  assistance 
from  the  State,  the  entries  of  this  company  on  the  island  of  Batan,  known  as 
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the  "  Esperanza,"  "  Fllipinas,"  and  "  Albay,"  which  had  reached  the  stage  of 
title  ready  for  Issuance,  were  left  in  that  incompleted  state,  and  the  expedientes 
remain  to  this  day  in  the  archives  of  the  mining  bureau. 

All  of  these  things  will  be  found  in  previous  pages,  but  it  is  with  the  present 
condition  of  coal  and  coal  lands  in  Batan,  and  with  the  entries  made  thereon 
belonging  to  the  last  era  of  Spanish  rule  in  the  Philippines,  that  we  have  to 
do  in  this  chapter. 

The  principal  known  deposits  of  this  island,  so  far  as  previous  and  present 
locations  and  discoveries  are  concerned,  are  on  the  north  and  east  coast, 
although,  for  that  matter,  it  is  almost  literally  true  that  the  entire  island  of 
Batan  is  a  mass  of  coal,  and  not  only  that,  but  a  mass  of  coal  of  good  quality ; 
it  furnishes  a  coal  that  makes  an  excellent  quality  of  coke,  a  fact  we  have  been 
able  to  establish  by  a  test  of  a  sample  from  that  island,  made  in  our  own 
laboratory. 

By  reference  to  the  table  for  the  last  half  of  the  period  covered  by  this 
report  it  will  be  observed  that  locations  of  coal  were  made  in  the  year  1893 
on  the  island  of  Batan,  and  almost  simultaneously  by  three  diflCerent  parties — 
the  "  Sodupe,"  by  Gil  Brothers,  consisting  of  two  pertenencias,  on  the  20th  of 
December;  the  "Balerma,"  "Urgera,"  and  "Ganalda,"  of  one  pertenencia 
each,  on  the  21st  of  December  of  the  same  year,  by  Messrs.  Villanueva  &  CJo. ; 
and  the  "  San  Francisco,"  of  four  pertenencias,  by  Emilio  Mufioz,  on  the  30th 
of  December,  1893. 

In  the  year  1894  there  was  added  to  the  Gil  Brothers  group  of  mines  the 
"Bilbao,"  of  four  pertenencias;  the  "Lucas  y  Josef  a,"  of  one  pertenencia, 
and  the  "  Chifladura,"  also  of  one  pertenencia ;  and  to  the  properties  of  Messrs. 
Villanueva  &  CJo..  the  "  Perseverancia,"  of  one  pertenencia.  In  March,  1895, 
Gil  Brothers  presented  petitions  for  the  "  Presentacion "  and  the  "Olaveaga," 
of  two  pertenencias  each.  All  of  the  above-named  mines  were  conceded,  and 
titles  issued  by  the  Spanish  Government  in  the  latter  part  of  the  year  1895, 
which  is  all  of  the  mines  on  the  island  of  Batan  of  the  **  first  class ; "  that  is, 
those  for  which  concessions  had  been  issued  by  the  Spanish  Government  prior 
to  the  American  occupation.  This  makes  twelve  pertenencias  in  the  Gil 
Brothers  group,  and  four  each  in  those  of  Messrs.  Villanueva  &  Co.  and  Emilio 
Mufioz. 

At  the  time  of  the  American  occupation  there  was  pending  in  the  inspectorate 
of  mines,  and  awaiting  demarcation  and  survey,  upon  application  for  conces- 
sions, the  "Vizcaya,"  of  twenty-four  pertenencias;  the  "Elisa,"  of  one;  the 
"  Juanito,"  of  four,  and  the  "  Lydia,"  of  two  pertenencias,  and  all  in  the  interest 
of  Gil  Brothers.  From  the  records  and  archives  of  the  department  it  would 
seem,  however,  that  the  "Juanito"  is  included  within  the  limits  of  the 
"  Vizcaya." 

All  other  claims  on  the  Island  of  Batan,  noted  in  the  table,  belong  to  the  class 
known  as  "  third-class  claims,"  and  require  no  further  attention  at  this  time. 

Notwithstanding  the  fact  that  the  island  of  Batan  is  so  near  to  the  city  of 
Manila,  as  compared  with  the  mining  fields  of  Cebu,  but  very  little  work  ha» 
been  done,  apparently,  for  the  actual  development  and  active  working  of  its 
coal  deposits  during  the  days  of  Spanish  occupation.  Directly  after  the  issu- 
ance of  titles,  in  1895,  owners  of  coal  mines  in  Batan  were  found  applying  to 
the  Government  for  a  suspension  of  the  laws  and  regulations  requiring  them  to 
maintain  a  fixed  working  population  for  the  purpose  of  the  development  of 
their  mines,  by  reason  of  their  Inability  to  secure  a  licensed  superintendent,  and 
afterwards  by  reason  of  the  disturbances  of  the  country,  caused  by  Insur- 
rection. 

The  information  available  in  reference  to  the  workings  on  the  island  of 
Batan,  In  the  mining  bureau.  Is  very  meager.  From  a  prospectus  Issued  by  the 
firm  of  Gil  Brothers  it  Is  learned  "  that  It  would  be  impossible  to  give  a  com- 
plete idea  of  the  number  of  veins  of  coal  existing  in  these  mines  and  other  data 
referring  to  the  same,  all  the  pertenencias  not  having  been  explored." 

This  statement  Is  confirmed  by  the  reports  that  have  reached  us  through 
miners  and  prospectors  who  have  visited  the  island  since  the  American  occu- 
pation of  that  portion  of  the  archipelago. 

BYom  the  same  prospectus  we  quote : 

"  There  are  seven  veins  explored  up  to  the  present  time ;  they  are  nearly  par- 
allel to  each  other,  with  an  average  thickness  of  1  meter  and  an  Inclination  of 
approximately  25°.    The  workings  are:  Gallery  No.  1,  running  in  a  direction 
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of  north  20**  west,  transversely  to  the  first  vein,  which  is  cut  at  25  meters  dis- 
tance from  the  point  of  excavation.  At  this  point  a  gallery  following  the  vein 
has  been  opened,  this  gallery  being  worked  for  a  distance  of  23  meters  in 
length.  The  transversal  excavation  continues,  encountering  the  second  vein 
nearly  parallel  to  the  first  and  35  meters  distant;  this  has  been  worked  for  32 
meters.  And  for  vein  No.  3  two  galleries,  Nos.  2  and  3,  have  been  opened, 
situated  at  an  elevation  of  35  meters  above  No.  1,  and  both  in  a  longitudinal 
sense.  No.  2  being  found  at  10  meters  elevation  with  a  thickness  of  1.10  meters 
and  an  inclination  of  20"  west.  The  other  labors  are  prospects  for  investiga- 
tion, and  all  of  them  promise  a  large  quantity  of  coal." 

The  above  brief  statement  is  substantially  all  the  information  that  is  avail- 
able in  reference  to  the  coal  deposits  of  Batan,  so  far  as  their  working  by  the 
present  claimants  is  concerned,  that  we  have  been  able  to  find.  The  island  of 
Batan  has  only  been  recently  visited,  but  from  the  several  miners  and  engineers 
who  have  visited  it  I  am  inclined  to  believe  that  the  workings  so  far  executed 
are  of  but  little  importance,  while  the  samples  of  coal  that  have  been  brought 
back  from  these  trips  and  exhibited  in  this  bureau  show  that  the  coal  is  of  a 
superior  character,  and  confirms  our  previously  conceived  ideas  of  the  extent 
and  value  of  this  coal  deposit  of  Batan,  gathered  from  studies  of  that  neighbor- 
hood and  the  general  distribution  of  coal  in  the  southern  portion  of  the  island 
of  Luzon  and  its  adjacent  islands. 

In  the  next  chapter  will  be  found  the  result  of  assays  made  from  outcrop- 
pings  of  coal  made  in  the  Inspectorate  of  mines  at  Manila.  The  samples  so 
assayed  were  from  the  "  Bilbao "  and  "  Vizcaya  "  claims,  and  taken  from  the 
surface;  samples  that  we  have  seen  taken  from  the  workings  are  of  much 
better  quality.    There  is  an  established  market  for  Batan  coal. 

It  would  seem  that  the  firm  of  Gil  Brothers  have  perfect  confidence  In  the 
ability  of  the  coal  properties  owned  and  controlled  by  them  to  furnish  not  only 
a  sufficient  quantity,  but  also  a  satisfactory  quality  of  coal  for  the  use  of  the 
navy  of  the  United  States  In  this  archipelago,  for  in  the  year  1899  a  propo- 
sition was  made  to  the  th«i  military  governor  to  furnish  such  an  amount  of 
coal  as  should  be  required  for  the  use  of  the  army  and  navy  of  the  United 
States  in  these  islands  at  a  price  which  should  be  named  by  the  military  gov- 
ernor himself,  provided  that  they  were  furnished  with  protection  to  enable 
them  to  proceed  with  the  work  on  the  mineral  development  of  their  properties. 
From  special  reports  that  I  have  been  able  to  gather  from  those  who  have 
visited  the  coal  fields  of  Batan  and  Investigated  the  conditions  of  the  coal 
deposits  in  that  island,  I  have  every  reason  to  believe  that  with  a  regular  and 
systematized  plan  of  development  and  with  practical  coal-mining  methods  that 
this  offer  might  easily  have  been  made  good.  There  seems  to  be  no  question 
about  the  abundance  of  coal,  and  nearly  as  little  question  in  reference  to  its 
quality. 

Chapter  XXII. — ^Assays  and  Comparisons  of  Philippine  Coals. 

The  first  assay  of  Philippine  coal  was  made  in  Madrid,  at  the  National 
School  of  Mines,  in  the  year  1853,  the  samples  employed  for  that  purpose  com- 
ing from  the  mines  of  Gulla-Gulla,  in  Cebu.  At  that  time,  and  for  many  years 
thereafter,  the  only  facilities  for  obtaining  assays  of  coal  were  in  Madrid,  to 
which  place  the  samples  were  sent  by  vessels  doubling,  the  Horn,  and  conse- 
quently we  have  but  few  assays  in  the  early  portion  of  the  coal-mlnlng  history 
of  these  islands.  At  sundry  points  in  this  report  will  be  found  statements  of 
assays  made,  and  we  propose  to  add  in  this  chapter  such  other  statements  as 
we  have  been  able  to  secure  from  the  records  and  archives  of  the  bureau  and 
from  all  other  sources.  The  assays,  without  exception,  were  made  from  sur- 
face samples  and  outcroppings,  while  in  the  tables  that  are  mentioned,  and  in 
which  are  given  statements  of  the  assays  of  lignites  and  soft  coals  from  all 
other  parts  of  the  world,  the  samples  have  come  from  the  best  samples  avail- 
able, taken  from  the  depth  and  average  of  the  vein. 
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To  these  we  add  the  foUowinsr: 

ISLAND  OF  ALABAT. 

Outcropping  of  coal  from  the  Vlsita  of  Camogaji   (Camagung),  island  of 
Alabat,  town  of  Gumaca,  province  of  Tayabas  : 

Ck>mposition  per  100: 

Hygroscopic  water 3.  20 

Volatile  matter 23.  28 

Carbon 68. 04 

Ashes 5. 48 

Total 100. 00 

The  combustion  is  slow ;  the  ashes  are  reddish-gray ;  it  produces  a  coke  of  a 
brilliant  metallic  aspect.    Total  calories,  6,442. 

ISLAND  OF  LETTE. 

A  sample  of  coal  sent  to  the  general  inspectorate  from  Merida,  in  the  island 
of  Leyte: 

Composition  per  100: 

Fixed   carbon 47. 975 

Hygrometric    water .  550 

Volatile  material 48. 350 

Ashes 3. 125 

Total 100. 000 

Specific  gravity,  1.08;  calories,  5,800. 

ISLAND  OF  CEBU. 

Prom  various  outcroppings  on  the  property  of  the  Socledad  Nuevo  I^ngreo, 
in  the  district  of  Danao. 

First  sample  from  the  place  called  Chile : 

Composition  per  100 : 

Fixed   carbon 41. 90 

Hygrometric  water 24. 45 

Combustible  volatile  matter 23.44 

Ashes 10.  21 

Total 100. 00 

Calories,   5,053   to  6,146;   color  of  flame,   whitish-red,  giving  little  smoke; 
ashes  a  whitish-yellow;  It  does  not  coka 
Second  sample  from  the  same  locality,  taken  from  a  parallel  vein  near  by : 

Composition  per  100: 

Fixed  carbon 48.250 

Hygrometric  water 18. 162 

Combustible  volatile  matter 24.  238 

Ashes 9.350 

Total 100.000 

Calories,  5,217;  long  white  flame;  little  smoke;  ashes  white-yellowish,  and  It 
does  not  coke. 
Third  sample  from  the  same  neighborhood,  but  farther  south : 

Composition  per  100: 

Fixed  carbon 45. 660 

Hygrometric  water 22. 388 

Combustible  volatile  matter 27. 632 

Ashes 4.320 

Total 100.000 
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Calories,  5,487;  burns  with  a  long  white  flame,  giving  off  but  little  smoke; 
ashes  are  lead  white  In  color,  and  it  does  not  colse. 
Fourth  sample,  from  the  place  called  Mantija : 

Composition  per  100: 

Fixed  carbon 46. 500 

Hydrometric  water 16. 8»8 

Combustible  volatile  matter 29.902 

Ashes 6.700 

Total 100.000 

Calories,  5,680;  bums  with  long  white  flame,  giving  off  but  little  smoke; 
ashes  reddish  white;  slight  tendency  to  coke. 

ISLAND  OF  BATAN. 

Five  samples  of  coal  from  outcroppings  on  the  mines  "Bilbao"  and  "Via- 
caya,"  assayed  for  Jacinto  Gil  Gorrofto. 

Sample  No.  L 

Composition  per  100: 

Fixed  carbon 45. 53 

Hygrometric  water 13. 10 

Combustible  volatile  matter 34.15 

Ashes •- 7. 22 

Total 100.00 

Calories,  5,206;  flame  long  and  white; -gives  off  a  highly  dense  smoke  with 
a  slight  resinous  odor ;  ashes  white  in  color,  slightly  yellowish. 

Sample  No,  2, 

Composition  per  100: 

Fixed  carbon 46. 82 

Hygrometric  water 13. 84 

Combustile  volatile  matter 35.46 

Ashes 3.88 

Total 100.00 

Calories,  5,687;  flame  long  with  reddish-yellow  cone;  smoke  dense  and  with 
the  characteristic  odor  of  pit  coal ;  ashes  yellow,  with  a  somewhat  leaden  color. 

Sample  No.  S, 

Composition  per  100: 

Fixed  carbon 44.78 

Hygrometric  water 13. 32 

Combustile  volatile  matter 38.68 

Ashes 3. 22 

Total 100.00 

Calories,  5,540;  flame  reddish  yellow  In  color;  slightly  dense  smoke,  with  a 
very  resinous  odor;  ashes  reddish-leaden  color. 

Sample  No,  Jk, 

Composition  per  100: 

Fixed  carbon 42. 50 

Hygrometric  water 14. 20 

Combustile  volatile  matter 37.70 

Ashes 5.60 

Total 100.00 

Calories,  5,536;  flame  is  reddish  white  in  color,  and  gives  off  a  very  dense 
smoke  with  a  characteristic  odor  of  pit  coals ;  ashes  white  in  color  and  slightly 
yellowish. 
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Bample  No,  5. 

Composition  per  100: 

Fixed  carbon 44. 96 

Hygrometrlc  water 13. 40 

CJombustible  volatile  matter 38.54 

Ashes 3. 10 

Total 100.00 

Calories,  5,513;  flame  reddish  white,  giving  ofl^  a  somewhat  dense  smoke  of 
resinous  odor ;  ashes  a  yellowish-lead  coloi*. 

ISLAND  OF   CEBU. 

Through  the  courtesy  of  Mr.  Nell  McLeod  we  are  enabled  to  give  an  assay 
made  from  the  Ullng  coals,  of  the  River  Pandan,  In  Cebu,  made  by  the  mechan- 
ical department  of  the  Southern  Pacific  Railroad,  at  San  Francisco,  Cal. 

Moisture 6.30 

Volatile  matter i 35. 30 

Fixed  carbon 53. 55 

Ash L 4.45 

Sulphur 1 .40 

Total - 100.00 

Caloric  value,  13.54;  calorific  value,  with  relation  of  Cardlfl^  coal,  87.32. 
This  coal  does  not  coke. 

THE  COALS  OF  JAPAN. 

In  Table  V  (sheets  A  and  B),  attached  hereto,  will  be  found  an  analysis  of 
the  Japan  coals  that  are  so  extensively  used  in  the  Orient  Of  the  coal  classi- 
fied in  this  table,  Nos.  I,  II,  and  III  are  from  Kluslln  and  IV,  V.  VI,  and  VII 
from  Yezo.  Their  analyses  are  taken  from  the  work,  Yesso  Coals,  by  H.  Mun- 
roe,  Tokyo,  1874.  No.  VIII  Is  taken  from  Hawk's  Narrative  Perry  Expedition. 
Of  these  coals  of  Japan,  Professor  Rein  says,  in  his  work  on  The  Industries  of 
Japan :  "  Japanese  coal  in  most  places,  If  not  everjrwhere,  is  Tertiary  coal  and 
Its  origin  of  lacustrine  formation.  Its  recent  formation  Is  proved  by  the  many 
leaf  Impressions  of  deciduous  plants  In  the  shales  accompanying  It,  but  Its 
properties  and  appearance  are  like  hard  coal  and  only  In  exceptional  cases 
resemble  those  of  brown  coal.  It  Is  really  bituminous  coal,  notwithstanding 
Its  lack  of  age,  and  with  It  are  found  seams  of  genuine  brown  coal  in  the  Neo- 
Tertlary  strata  of  Japan,  although  they  are  generally  thin." 

LIGNITE  COALS  OF   WYOMING. 

Through  the  courtesy  of  Prof.  Wilbur  C.  Knight,  of  the  University  of  Wyo- 
ming, we  have  obtained  the  latest  assays  from  the  lignite  coal  fields  of  that 
State,  from  which  we  have  been  able  to  compile  the  table  of  "Analysis  of  the 
Philippine  coals,  compared  with  CardlflC,  Australian,  and  Wyoming  coals," 
which  win  be  found  In  Table  VIII,  hereto  attached.  (This  same  table  is  also 
found  on  p.  50  of  "  Reports  of  the  Taft  Philippine  Commission,"  S.  Doc.  No.  112, 
56th  Cong.,  2d  sess.,  having  been  previously  used  as  an  exhibit  of  a  report  to 
the  honorable  United  States  Philippine  Commission  from  this  bureau.) 

LIGNITES  AND  CANNEL  COALS  FBOM  OTHER  PARTS. 

In  Tables  VI  and  VII  will  be  found  analyses  of  various  lignites  and  cannel 
coals,  not  only  from  the  United  States,  but  from  various  other  countries,  from 
an  examination  of  which,  when  considered  with  reference  to  the  Philippine 
coals,  the  analysis  of  which  In  every  instance  Is  from  outcropplngs  and  surface 
coals,  It  will  be  seen  that  there  Is  no  reason  why  the  Philippine  coals  should 
not  compete  with  both  the  Japanese  and  Australian  products  In  the  Far  East 
as  a  steam-making  coal,  and  It  will  undoi^btedly  do  so  when  the  mines  are  once 
developed  and  made  to  produce,  as  they  undoubtedly  will,  a  quality  of  coal  far 
superior  to  any  of  the  samples  of  Philippine  coals  that  have  yet  been  analyzed 
and  reported  upon. 
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Very  much  has  been  said  in  this  report,  from  time  to  time,  in  quoting  from 
different  reports  and  documents  found  in  the  archives  of  this  bureau  with 
reference  to  the  age  and  character  of  the  Philippine  coals.  We  assume  no 
responsibility  for  the  accuracy  of  any  of  these  statements,  from  the  "black 
roclis  that  bum  "  opinion  of  a  provincial  alcalde,  in  1842,  on  up  to  the  scholarly 
descriptions  of  the  governor-general's  special  engineer  to  the  "  La  Paz,"  This 
is  not  a  prospectus  for  the  organization  and  floating  of  a  mining  corporation, 
but  an  attempt  to  compile  from  official  records  and  reliable  sources  the  facts 
in  reference  to  coal  and  coal  mining  In  the  Philippines,  so  far  as  it  is  known, 
and  the  progress  and  history  of  its  development  Of  this  question  of  the  age 
and  character  of  the  Philippine  coals,  and  the  conclusions  to  be  drawn  from 
the  evidence  submitted,  we  have  nothing  to  do.  We  quote,  however,  the 
remark  of  Mr.  Hiram  D.  McCaskey,  B.'Sc,  mining  engineer  of  this  department, 
from  his  report  to  the  chief  of  this  bureau,  which  forms  an  appendix  to  the 
bureau's  annual  report  for  the  year  1901  to  the  United  States  military  governor 
in  the  Philippines: 

"  Neither  the  assumption  that  because  a  coal  is  from  the  Tertiary  beds  it  is 
necessarily  a  lignite  nor  that  if  it  be  a  lignite  it  is  a  coal  of  unimportance  can 
long  be  accepted,  nor  can  many  other  assumptions  equally  absurd." 


(Mining  Bureau,  Bulletin  No.  5.) 

THE  COAL  DEPOSITS  OP  BATAN  ISLAND. 

With  Notes  on  the  Gkneral  and  Eoonomio  Gkology  of  the  Adjacent  Keg^ion. 


By  Wabben  D.  Smith,  B.  S.,  M.  A. 


LETTEB    OF    TRANSMITTAL. 

Manila,  P.  I.,  October  SO,  1905. 
Sir:  I  have  the  honor  to  transmit  herewith,  with  recommendation  for  its 
early  publication,  the  material  prepared  by  Mr.  W.  D.  Smith,  B.  S.,  M.  A., 
geologist,  mining  bureau,  for  Bulletin  No.  5  of  this  bureau,  entitled  "The 
Coal  Deposits  of  Batan  Island,  with  Notes  on  the  General  and  Economic  Geol- 
ogy of  the  Adjacent  Region." 

This  is  the  first  of  a  series  of  contributions  planned  to  cover  the  economic 
geology  of  the  Philippine  coal  fields,  and  the  second  of  the  general  series  of 
publications  upon  the  economic  geology  of  the  islands,  planned  by  the  chief 
of  the  mining  bureau  as  reorganized  under  Act  No.  916.  This,  his  first  work 
in  Philippine  fields.  Is  in  my  opinion  highly  creditable  to  Mr.  Smith. 
Very  respectfully, 

H.  D.  McCaskey, 
Ohief  of  the  Mining  Bureau, 
Hon.  D.  C.  Worcester, 

Secretary  of  the  Interior,  Manila, 

LETTER   OF    SUBMITTAL. 

The  Mining  Bureau, 
Manila,  P.  /.,  October  12,  1905. 
Sir  :  I  have  the  honor  herewith  to  submit  a  report  on  "  The  Coal  Deposits  of 
Batan  Island,  with  Notes  on  the  General  and  Economic  Geology  of  the  Adjacent 
Region." 

Respectfully,  Warren  D.  Smith,  B.  S.,  M.  A., 

Geologist,  Mining  Bureau, 
Mr.  H.  D.  McCaskey, 

Chief  of  the  Mining  Bureau,  Manila, 

Introdnction. 

The  purpose  of  his  field  work,  primarily,  was  tliat  of  lending  assistance  to 
Lieut  H.  I^  Wigmore,  Corps  of  ESnglneers,  U.  S.  Army,  in  his  exploratory  work 
on  the  United  States  military  reservation  on  Batan  Island.  As  the  work 
progressed  and  the  country  was  looked  over  it  was  soon  seen  that  work  of  a 
more  comprehensive  nature  could  be  taken  up  with  considerable  profit  to  those 
interested  In  the  mineral  resources,  and  with  many  features  of  a  purely 
scientific  Interest  as  well. 

The  area  covered  was  the  entire  Island  of  Batan,  with  trips  around  the  coast 
and  across  the  islands  of  Rapurapu,  Cacraray,  and  to  the  "mainland**  In  the 
vicinity  of  Sugot  Bay,  Mayon  Volcano,  and  Tibl  Hot  Springs,  for  purposes  of 
correlation  and  exploration. 
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METHODS  OF  FIELD   WOBK. 

In  a  country  where  only  the  coast  line  and  a  few  prominent  points  In  the 
interior  are  accurately  located ;  where  the  forest  and  jungle  growth  are  so  thick 
that  these  points  can  almost  never  be  seen  except  from  the  sea,  and  a  mile  or 
two  of  traverse  is  a  day's  work  and  one  of  hard  labor  with  the  liolo ;  where  the 
soil  is  so  thick  that  outcrops  are  hidden — the  difficulties  of  systematic  field 
work  are  very  discouraging.  It  was  found  more  feasible  to  keep  to  the  coast 
line  and  the  streams  for  the  most  part,  but  at  times  the  traverse  system  as 
employed  in  the  Lake  Superior  surveys  was  used.  Running  lines  through 
jungle  and  over  the  rough  limestone  full  of  sink  holes  is  not  suited  to  close 
pacing.  Even  when  the  highest  trees  were  climbed  on  the  mountains  scarcely 
anything  could  be  made  out  of  the  surrounding  country.  Therefore  this  report 
should  be  considered,  as  far  as  the  geological  part  is  concerned,  more  in  the 
nature  of  a  reconnoissance.  Many  problems  in  stratigraphy  and  paleontology 
have  been  opened  up  to  the  investigator,  and  these  for  many  reasons  will  have 
to  await  a  more  opportune  time  for  further  study.  Many  questions  we  pur- 
posely leave  until  a  more  extended  acquaintance  with  the  geology  of  the  Islands 
shall  have  been  made. 

(Ecology. 

GEOGBAPHY. 


Batan  Island,  in  the  province  of  Albay,  lies  slightly  northeast  of  Legaspi 
about  12  miles  and  is  bounded  on  the  west  by  Cacraray  Island,  on  the  east  by 
Rapurapu  Island,  Is  due  east  of  Mayon  Volcano,  is  bisected  by  the  one  hundred 
and  twenty-fourth  meridian,  and  lies  between  13°  10'  and  13*  20'  north  lati- 
tude. The  island  has  a  very  irregular  coast  line,  but  its  greatest  east-and-west 
line  is  13  miles  long,  while  along  its  greatest  north-and-south  line  it  measures 
only  4i  miles.  Sixty-one  and  three-fourths  square  miles  would  be  much  too 
large  an  estimate  of  the  area,  and  taking  into  account  the  numerous  bays  and 
inlets  It  would  seem  that  45  square  miles  would  be  a  fair  estimate. 

There  are  no  roads  and  only  a  few  trails  on  this  island;  the  streams  are 
small  and  intermittent ;  the  chief  barrio  is  Batan,  situated  on  the  coast  at  the 
southeast  end  of  the  island.  This  barrio  and  a  score  of  vlsitas  along  the  coast 
all  come  under  the  jurisdiction  of  the  pueblo  of  Rapurapu. 

The  island  is  coral  girt,  but  happily  there  are  breaks  in  the  reefs  so  that 
ocean-going  vessels  can  come  close  in,  as  at  Ck>al  Harbor,  between  Cacraray  and 
Batan,  within  100  yards  of  the  shore.  launches  drawing  6  to  10  feet  of  water 
can  pass  around  three-fourths  of  the  island,  but  can  not  clear  the  reefs  in 
Cacraray  Passage,  and  at  low  tide  it  is  difficult  even  for  shallow  barotos. 

All  these  features  are  shown  on  the  large  scale  map  of  the  island  compiled 
from  maps  of  the  Coast  and  Geodetic  Survey,  by  the  Corps  of  Engineers  undw 
the  direction  of  Lieut.  H.  L.  Wigmore  and  Lieutenant  Markhani,  and  by  the 
geologist  in  charge  of  the  geological  survey  of  the  district. 

The  best  harbor  facilities  at  Batan,  and,  for  that  matter,  anywhere  along  the 
east  coast  of  Luzon  for  100  miles,  are  undoubtedly  those  afl^orded  at  Liguan,  on 
the  west  end  of  the  island.    Here  an  anchorage  perfectly  sheltered  from  any 
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etrong  winds  can  be  obtained  in  17  fathoms  witli  a  mud  bottom,  and  this  within 
the  limit  to  which  It  would  be  feasible  to  erect  a  dock.  The  average  tide 
amounts  to  about  3  feet,  but  gets  as  high  as  7  or  8  feet  in  the  spring  and  at  the 
time  of  full  moon. 

CLIUATB. 

The  climate  is  considered  by  those  who  have  lived  there  any  length  of  time  as 
good  as  that  of  tile  most  favorable  spots  in  the  islands.  During  the  progress  of 
the  field  work  there  was  always  a  breeze  from  the  sea,  which  made  it  very  com- 
fortable whenever  the  party  was  fortunate  enough  to  be  near  the  coast.  The 
nights  were  invariably  cool,  a  blanket  being  necessary  most  of  the  time. 
Mosquito  bars  may  be  dispensed  with  almost  entirely.  Attached  is  a  table 
(Table  I)  showing  range  of  temperature  and  rainfall,  compiled  from  the 
monthly  reports  of  the  Legaspi  meteorological  station. 

VEGBTATION. 

At  first  sight  Batan  Island  seems  to  be  vegetation  and  nothing  else,  and  when 
one  sets  out  to  trace  outcrops  he  is  not  quickly  disillusioned.  From  the  shore 
or  the  sea  scarcely  an  outcrop  can  be  seen,  so  thick  is  the  undergrowth.  The 
principal  trees  are  red  narra  {Pterocarpua  indica),  some  of  which  reach  a 
height  of  150  feet;  molave,  doa,  and  bejuco  on  the  higher  ground;  in  swampy 
estuaries  bacauan  {Bruguiera  caryophyllaeoides)  and  bacagua.  On  the  east  ridge, 
running  from  Calanaga  Bay  to  East  Point,  which  is  underlain  by  volcanic  rock,  a 
few  scattered  jack  pines — ^tapulao  (Pinus  merku^i) — ^are  to  be  seen.  With  the 
exception  of  this  ridge  the  undergrowth  is  exceptionally  thick,  requiring  the 
continued  employment  of  bolomen. 

The  red  narra,  which  is  to  be  found  in  great  abundance  all  over  the  island, 
affords  all  the  timber  for  mine  timbering  and  buildings  that  will  ever  be 
required. 

The  most  striking  looking  tree  encountered  in  these  wild  spots  is  by  ftir  the 
doa,  which  starts  up  from  the  huge  buttresses  to  a  height  of  100  feet,  and  in 
some  cases  of  nearly  150  feet.,  The  effect  produced  on  one  as  he  suddenly 
breaks  through  the  jungle  and  comes  upon  one  of  these  monarchs  is  akin  to  the 
sensation  felt  when  one  has  walked  for  hours  through  stuffy  city  streets  and 
comes  suddenly  upon  a  great  cathedral. 

POPDLATION. 

For  the  most  part  the  population  is  confined  to  the  coast,  and  is  made  up 
almost  entirely  of  Bicols,  a  tribe  which  is  found  throughout  Sorsogon,  Albay, 
and  Ambos  Camarines  in  great  numbers.  These  people  are  distributed  around 
the  coast  of  the  island  in  about  a  score  of  visitas  averaging  6  to  10  families  in 
each.  Batan,  the  largest  barrio,  has,  according  to  the  teniente,  80  men,  which 
may  be  taken  to  mean  nearly  that  many  families.  Taking  into  consideration  the 
isolated  dwellers  in  the  hills,  some  of  whom  are  Negritos,  a  fair  estimate  of  the 
total  native  population  of  the  island  would  be  2,000.  Besides  these  there  were 
at  the  time  of  our  visit  some  30  Japanese  miners  at  Calanaga  Bay  and  a 
detail  of  15  American  soldiers  at  Liguan  under  the  charge  of  lieut  H.  L. 
Wigmore. 

The  natives  were  found  to  be  peace-loving  people,  kindly,  and  thrifty  com- 
pared with  other  tribes  living  close  to  the  large  cities.  Their  chief  occupation 
is  that  of  fishing,  for  which  they  make  use  of  immense  corrals  constructed  out 
of  bamboo  and  rattan.  These  people  treated  our  party  at  all  times  with  respect 
and  did  all  they  could  to  help  us.  Among  the  most  pleasant  experiences  had 
during  the  season  were  the  stops  made  at  the  various  barrios,  where  we  were 
invited  to  bailes  and  other  social  functions.  Many  pleasant  evenings  were 
spent  teaching  these  people  the  idiosyncrasies  of  the  English  language.  In 
the  majority  of  cases  Spanish  was  the  medium  of  intercourse,  but  English  is 
making  rapid  advance  in  the  favor  of  the  people. 

HTDBOGRAPHT. 

Very  little  can  be  said  In  favor  of  the  water  supply  of  the  island  of  Batan. 
At  the  time  of  our  work  there  was  no  running  water  to  speak  of  in  any  stream  of 
the  island.  The  largest  water  course  is  that  of  the  Caracaran  River,  which 
drains  the  greater  part  of  the  western  half  of  the  island  and  debouches  into 
the  bay  of  the  same  name  on  the  south  side  and  midway  between  the  east  and 
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west  extremes  of  the  Island.  The  Mosaga,  which  reaches  the  Rapurapn  Straits 
about  halfway  between  San  Ramon  and  Batan,  was  found  to  have  a  fair 
quantity  of  water,  but  almost  no  current. 

The  water  for  all  drinking,  toilet,  and  cooking  purposes  was  obtained  from 
a  spring  on  Cacraray  Island,  across  Coal  Harbor  from  Llguan.  (See  large  map 
in  pocket.) 

Lieutenant  Wigmore  estimated  by  means  of  reservoir  and  weir  that  100,000 
gallons  daily  were  available  in  all  seasons. 

At  Tlnicauan,  the  first  barrio  east  of  Liguan,  there  is  a  small  stream  which 
Lieutenant  Wigmore  also  estimates  may  yield  20,000  gallons  daily  with  properly 
constructed  reservoirs.  For  drilling  purposes  all  the  water  had  to  be  pumped, 
or  hauled  up  by  carabaos,  from  sea  level.  This  constituted  one  of  the  chief 
items  of  expense  in  the  work  carried  on  by  Lieutenant  Wigmore. 

The  small  size  of  the  island  and  comparatively  low  elevation  mean  lack  of 
large  feeding  areas  for  streams;  this,  coupled  with  the  broken  and  porous 
nature  of  the  limestone  formations,  militates  against  the  collection  Into  any 
one  large  water  course  of  a  great  quantity  of  water.  This  will  be  one  of  the 
drawbacks  to  exploratory  work  with  diamond  drills  in  this  area. 

TOPOGRAPHY    AND   PHYSIOGRAPHY. 

Topographically  Batan  Island  is  quite  rugged  and  broken,  and  for  its  sixe 
appears  to  be  very  mountainous,  though  none  of  the  elevations  rise  to  more 
than  1,400  feet  By  Coast  and  Geodetic  trlangulatlon  Mount  Vlscaya  (1330  feet) 
was  found  to  be  the  highest  point,  but  even  this  estimate  is  too  high,  for  the 
observations  were  taken  from  a  boat  and  the  tops  of  trees  used  instead  of  the 
actual  surface,  which  is  obscured  by  the  dense  vegetation. 

By  inspection  of  the  map  it  is  seen  that  the  high  land  is  adjacent  to  the 
coast  and  that  the  interior  is  low.  Along  the  United  States  military  reserva- 
tion boundary  from  Caracaran  Bay  to  Gaba  Bay  it  is  everywhere  under  200 
feet ;  also  it  can  be  seen  that  the  greatest  elevations  are  bordering  the  southern 
shore.  The  reason  for  this  is  that  the  hills  are  here  largely  limestone,  while 
to  the  north  they  are  composed  generally  of  soft  sandstone  and  shale.  How- 
ever, Mount  Bilbao  Is  an  exception.  The  eastern  end  of  the  island  is  quite 
generally  lower  than  the  western  half.  One  of  the  most  striking  features 
topographically  on  Batan  Island  is  the  long  bare  ridge  extending  from  Calanaga 
Bay  eastward  to  East  Point  (PI.  IV).  This  will  be  referred  to  again  and 
explained. 

The  topography  of  the  remainder  of  the  Mayon  area  will  not  be  discussed 
now,  as  It  will  be  reserved  for  a  later  report. 

Plate  III  shows  a  sketch  profile  of  the  island  from  the  south  side. 

As  the  whole  Island  is  practically  a  monocline,  with  alternating  hard  and 
soft  strata,  the  effect  on  the  streams  is  to  produce  monoclinal  shifting  to  the 
north. 

The  effect  produced  by  the  different  character  of  the  beds  is  very  marked 
as  one  goes  up  the  main  stream  of  the  island,  the  Caracaran,  for  during  the 
first  half  mile  or  so  the  bed  is  in  limestone  and  gorges  are  frequent;  on  the 
other  hand,  when  the  friable  shale  and  sandstones  are  reached  the  stream 
flows  in  a  wide,  shallow  valley  bottom  and  meanders  are  the  rule.  Ordinarily 
a  stream  meanders  only  hi  Its  lower  course,  but  here  the  upper  course  has 
reached  a  graded  condition  first. 

Another  feature  which  rightly  comes  under  this  heading  is  the  presence  of 
numerous  sink  holes  in  the  limestone,  particularly  in  the  lower  beds.  These 
are  from  50  to  100  feet  in  diameter,  usually  circular,  and  25  to  30  feet  deep. 
It  ia  interesting  to  calculate  the  quantity  of  CaCOs  removed  from  just  one 
sink  of  these  dimensions.  It  is  calculated  that  9,228,240  pounds  of  lime  and 
16,479,000  of  CaCOs  have  been  removed  to  leave  a  sink  hole  75  feet  in  diameter 
and  25  feet  deep.  A  great  part  of  this  CaCOs  in  solution  is  deposited  long 
before  sea  level  is  reached,  but  still  a  considerable  quantity  doubtless  reaches 
the  sea  and  must  add  greatly  to  the  available  supply  of  lime  to  be  used  by 
the  little  reef  builders.  In  the  beginning,  when  the  old  volcanic  stump  first 
rose  from  the  sea,  the  process  of  reef  building  was  undoubtedly  a  much  slower 
process  than  at  the  present  time,  but  now  after  great  masses  of  coral  lime- 
stone have  been  formed  the  tearing  down,  solution,  and  repreclpltatlon  in  coral 
form  constitute  a  cycle  of  changes  much  more  rapid  and  continuous. 

Deposits  of  calcareous  tufa  or  travertine  were  found  Invariably  incrusting 
shale  formations,  and  proved  invaluable  as  guides  to  the  underlying  forma- 
tion when  all  other  outcrops  were  concealed  by  soil  and  undergrowth.    These 
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deposits  were  never  found  on  the  limestone  itself.  This  deposit  attains 
thicknesses  amounting  to  2  and  3  feet,  completely  concealing  the  underlying 
rock.  It  has  a  very  cellular  structure  and  Is  usually  of  a  yellow,  ochery 
appearance.  The  structure  is  that  of  concentric  layers  separated  by  minute 
spaces,  as  indicated  in  the  diagram. 

No  caves  were  found  on  Batan  Island,  but  on  Cacraray  Island  there  are  quite 
a  number,  and  they  have  played,  according  to  tradition,  a  prominent  part  in 
the  history  of  these  islands.  Indeed,  it  is  from  one  of  these  caves  in  post- 
Pliocene  coral  limestone  that  the  crania  were  taken  which  the  eminent  traveler 
and  collector,  Jagor,  sent  to  Berlin  and  which  Virchow  «  described. 

STBDCTDRE. 

Some  discussion  of  the  folding  occurring  in  the  island  has  already  been  en- 
tered into,  but  attention  is  called  to  the  several  cross  sections  taken  along  dif- 
ferent lines  across  small  areas  of  the  island  and  the  larger  generalized  section 
across  the  whole  island.    These  will  outweigh  any  amount  of  verbal  description. 

There  yet  remain  to  be  considered  such  topics  as  faulting,  dikes,  and  kindred 
phenomena  so  vital  to  mining  operations.  As  one  walks  along  the  shore  at 
low  tide  where  good  sections  may  be  had  of  the  strata — for  example,  near  the 
western  side  of  Moncao  Bay,  Batan  Island,  and  near  Cawauan  on  Cacraray 
Island — minute  faulting  from  a  few  inches  to  1  or  2  feet  may  be  seen,  but 
faulting  to  a  greater  d^ree  than  this  the  writer  has  not  yet  seen  either  on 
Cacraray  or  Batan.  Examination  of  the  drill  records  and  the  topography  in 
many  localities,  however,  strongly  suggest  faulting  of  even  a  greater  degree. 
One  case  is  that  shown  by  the  records  of  drill  holes  No.  4  and  No.  4  A,  located 
on  the  Urgera  claim  near  Liguan,  where  a  discordance  is  fairly  evident;  and 
it  is  believed  by  Lieutenant  Wigmore  that  there  is  a  throw  here  equal  almost 
to  the  thickness  of  the  coal  measures.  This  is,  he  says,  borne  out  by  the  fact 
that  the  upper  limestone  of  No.  4  is  much  like  that  in  the  bottom  of  No.  4  A, 
and  by  the  abrupt  change  of  surface  indications  between  the  two  holes.  This 
is  quite  true,  but  simply  the  similar  appearance  of  the  limestones  can  not  be 
taken  as  conclusive  proof  of  identity.  In  the  absence  of  some  one  striking  and 
wholly  distinct  stratum  which  can  be  used  as  an  indicator,  the  question  can  not 
be  definitely  settled. 

Another  example  might  well  be  shown  of  what  may  be  a  fault,  though  the 
evidence  is  as  yet  not  complete. 

However,  simple  removal  by  the  ordinary  processes  of  erosion  might  account 
for  the  conditions  indicated  in  the  diagram. 

Preceding  the  American  occupation  some  mining  work  was  done  on  the  old 
Urgera  claim,  but  the  wprk  was  abandoned  for  the  reason  that  the  coal  seams 
ended  In  a  fault  The  direction  of  this  fault  is  east  10*"  south,  with  a  hade  of 
10*  south.  The  tunnel  was  never  extended  farther,  so  that  we  do  not  know  how 
extensively  broken  up  this  seam  is. 

Further  work  on  specimais  in  our  possession  used  In  connection  with  the 
drill  records  will  probably  reveal  no  inconsiderable  faulting  in  the  vicinity 
of  Liguan.  It  is  not  believed  that  any  appreciable  faulting  has  occurred  in 
the  eastern  half  of  the  island. 

At  this  point  it  might  be  well  to  discuss  briefly  the  eflFect  of  the  proximity 
of  volcanoes  to  a  coal  field.  There  seems  to  be  a  prevailing  idea  in  the  minds 
of  many  that  a  volcano  in  the  neighborhood  of  any  series  of  sedimentary  rocks 
would  cause  the  strata  to  be  much  disturbed  and  broken  up.  Let  it  be  once 
for  all  understood  that  a  volcano  is  a  point  of  relief,  and  that  its  efl'ects,  some- 
times so  appallingly  destructive  to  human  life,  are  almost  negligible  in  com- 
parison with  the  eflFects  produced  in  the  great  regional  movements  of  the  earth. 
If  the  strata  on  Batan  Island  prove  to  be  very  much  disturbed  the  cause  should 
be  attributed  rather  to  the  great  regional  movements  of  the  outer  zone  of  the 
earth,  and  not  to  the  presence  of  volcanoes.  Geologically  speaking,  vulcanlsm 
is  constructive  and  not  destructive. 

Some  mention  should  also  be  made  here  with  reference  to  the  hydrography 
of  the  coast  and  the  intervening  straits.  Chart  No.  4221,  Coast  and  Geodetic 
Survey,  which  we  find  impracticable  to  reproduce  at  this  time,  shows  clearly 
the  very  recent  connection  which  must  have  existed  between  the  "  mainland  " 
and  the  small  Islands  of  San  Miguel,  Cacraray,  Batan,  and  Rapurapu  at  no 

«  Sitzungsberichte  der  KSnlgllch  Preussischen  Akademie  der  Wlssenschaften 
zu  Berlin,  Berlin,  1897.    January-June,  279-289. 


892      APPENDIX  TO  REPORT  OF   THE  PHILIPPINE   COMMISSION. 

very  distant  period.    We  take  it  that  the  nmnerous  straits  and  passages  repre- 
sent faults,  though  the  evidence  is  not  yet  sufficient  to  make  this  conclusive. 

GENERAL  GBOLOGT. 

In  general,  the  region  comprised  within  the  Mayon  area  is  TOlcanic  and  of  a 
recent  age.  Batan,  however,  is  composed  largely  of  sediments,  somewhat  com- 
plexly folded,  but  with  a  general  northward  dip  at  an  angle  of  about  20**, 
resting.  In  a  portion  of  the  island  at  least,  upon  a  basement  of  igneous  rock. 
Fossils  from  the  various  formations  on  Batan  Island  point  to  the  age  as  extend- 
ing from  the  Eocene  through  the  Pliocene  and  even  the  Pleistoc«ie.  Coral 
fragments  not  greatly  unlike  living  species  were  found  in  drill  cores  from  300 
feet  below  sea  level,  and  in  the  limestone  capping  in  the  hills  at  1,000  feet  In 
elevation. 

On  Batan  Island  there  appear  to  be  three  distinct  sets  of  limestone  and 
three  sets  of  coal  measures,  and  another  series  of  alternating  shales  and  sand- 
stones running  along  the  north  side  of  the  island.  These  are  the  barren  meas- 
ures. There  is  a  long,  bare  ridge  on  the  east  end  of  the  island  which  is  a  solid 
mass  of  dolerite  overlain  by  the  remnants  of  an  iron  formation.  This  dolerite 
barley  emerges  above  the  sea  level  in  two  other  places  on  the  island,  near  the 
barrio  of  C'aracaran,  where  it  protrudes  in  a  tongue-like  mass  alK)ut  50  feet 
high  and  100  feet  across  at  its  base. 

Coralline  limestone  caps  the  hills,  while  the  valleys  and  coves  are  in  the 
softer  formations. 

It  has  been  said  that  the  strike  of  the  beds  is  in  general  east  and  west,  bnt 
locally  the  strike  and  dip  change,  owing  to  a  secondary  cross  folding,  which  has 
made  local  anticlines  in  the  strata.  For  instance^  the  high  point  in  the  vicinity 
of  Liguan  and  the  government  post  is  the  summit  of  a  roughly  domed  mass  of 
strata  produced  by  folding  along  two  directions,  north  and  south  and  east  and 
west.  The  ridges  and  spurs,  generally  speaking,  indicate  limestone,  while  the 
coves  and  inlets  invariably  are  formed  in  the  softer  shales  and  sandstones 
where  local  sync  lines  or  monoclines  occur. 

Cacraray  Island,  to  the  west  of  Batan,  is  not  greatly  different  from  Batan 
Island  geologically,  though  no  coal  has  been  found  on  it  up  to  this  time.  It  is 
practically  covered  with  rugged,  cavernous  limestone  through  the  southern  half 
of  the  Island,  while  in  the  northern  half  of  its  west  coast,  bordering  Sula  Pass, 
the  formation  Is  Igneous  and  apparently  of  the  same  rock  that  is  found  on 
Batan.  This  passes  Into  a  gneiss  as  we  go  northward.  In  general,  the  strata  of 
limestone  and  sandstone  dip  to  the  northward  at  an  average  angle  of  20°. 

Rapurapu  Island  is  quite  different  from  the  others,  being  almost  entirely 
made  up  of  crystalline  schists,  whose  strike  corresiwnds  to  the  east-west  oro- 
graphic trend  of  the  Island.  They  have  a  dip  of  20"*  south  10"  west  At  its 
western  extremity.  Point  Baybayon,  the  same  dolerite  was  again  encountered, 
with  large  bowlders  of  iron  ore  above  it ;  and  passing  eastward  along  the  coast 
the  dolerite  was  found  to  be  replaced  by  a  lighter  rock,  which  we  have  at  the 
present  time  classified  as  dlollte.  (See  PI.  XIX  a.)  It  is  this  diorite  that  has 
been  made  schistose  in  the  orogenic  movements  in  which  the  island  was  giv«i 
birth ;  and  also  this  schistose  diorite  is  the  home  of  auriferous  quartz. 

Coming  now  to  the  adjacent  region  on  the  Albay  coast  we  find  in  the  vicinity 
of  Sugot  Bay  an  area  of  stratified  deposits,  including  coal  measures,  which  are 
a  continuation,  it  is  believed,  of  the  deposits  on  Batan  Island.  IiYom  this  point 
northward  to  the  Camarines  the  geology  adjacent  to  the  coast  is  that  of  recent 
vulcanlsm,  as  witnessed  by  the  following  extinct  and  active  cones :  Mount  Heil- 
prln,  3,606  feet  elevation,  between  Bacon  and  Legaspi ;  Mayon,  7,943  feet,  near 
Daraga ;  Mosaraga,  west  of  Tabaco,  4,387  feet ;  and  Mount  Molinao,  5,436  feet 
just  back  from  the  coast  near  Tibl.  All  of  the  volcanoes  are,  with  the  exception 
of  Mayon,  which  Is  dormant,  apparently  extinct  From  a  rapid  examination  <rf 
parts  of  this  highly  interesting  area  the  sequence  in  the  lava  flows  appears  to 
have  trachyte  to  basalt  or  from  acid  to  basic.  The  great  eruption  of  1814  was 
marked  by  flows  of  basalt  and  showers  of  lapllli  and  ashes. 

Nineteen  hundred  was  the  year  of  the  last  pronounced  demonstration  by 
Mayon,  and  at  that  time  the  main  highway  between  Legaspi  and  Tabaco  was 
imrtly  obliterated  by  a  flow  which  reached  the  sea  near  the  pueblo  of  Libog. 

We  shall  leave  this  interesting  chapter  with  these  incomplete  statements  for 
the  present  for  the  reasons  that  this  preliminary  report  is  to  deal  primarily 
with  the  economic  phases  of  the  field  work,  and  further  work  In  this  region  of  a 
more  purely  scieutiflc  nature  is  contemplated  for  the  near  future. 
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On  Catanduanes  Island,  situated  about  18  miles  to  the  north  of  Batan,  coal 
deposits  have  been  reported  fronf  the  vicinity  of  Ilacaang,  while  the  central 
portion  of  the  island  is  said  to  be,  by  Lieutenant  Klrkman  of  the  Eighth  Cav- 
alry, U.  S.  Army,  made  up  of  metamorphic  rocks,  including  schists  in  which 
auriferous  quartz  veins  were  seen. 

Coal  is  known  to  exist  in  Sorsogon  Province,  near  Guijalo,  and  also  Mar 
Laguna  de  Bato,  in  the  southern  portion  of  Ambos  Camarlnes,  and  still  faruier 
north  the  Island  of  Polillo  is  being  vigorously  prospected  now.  From  what  the 
writer  has  himself  seen  of  some  of  these  localities,  and  from  the  reports  by 
Lieutenant  Wigmore  and  Lieutenant  Wray  of  the  Philippine  Scouts,  they  are 
all  isolated  portions  of  one  large  coal  field,  disrupted  and  separated  through 
widespread  regional  movements  of  the  whole  eastern  terrane. 

Briefly,  the  geological  section  can  be  tabulated  provisionally  as  follows : 

Provisional  tabular  statement  of  stratigraphy. 


Age, 


Fonnation  name. 


Pleistocene  and  recent 

Post-Pliocene 

Pliocene  or  post-Plio- 
cene. 
Miocene 

Do 

Eocene 

Do 

Do 

Do 

Do.  T 

Pre-TertlaryT 


Mayon  series 

Galicia    sandstone 

shales. 
BUbao  limestone 


Bilbao  coal  measures. 
Caracaran  limestone. 


and 


Contact  relation. 


Llthologic  character. 


Llguan  coal  measures  (sec- 
ond stage). 
Liguan  Imiestone  (second 

Llguan  coal  measores  (first 

stage). 
Liguan    limestone    (first 

stage). 
Rapnrapu,  Iron  formation. 

Basement  complex. 


Unconformity >  Trachytlo  and  basaltfo  flows  and 

tuft  deposits. 
Thin  sandstone  and  shale  beds 

alternating;  very  soft. 
Breoclated  Deds,with  shales  in- 
tercalated. 
Lignite  seams,  interbedded  with 

shales,  etc. 
Foraminlferal  limestone;  Opercu- 

llna  complanata  beds. 
Interbedded  coal  seams,  shales, 

and  grits. 
Coralline,    contains     numerous 

sinks. 
Interbedded  coal  seams,  shales, 

and  grits. 
Coralline,  with  intercalated  shale 

beds. 
Iron  formatfon;  no  distinct  strati- 
I     flcation. 

Unconformity ]  Pyroxenlte   and   peridotlte   in- 

t      truded  by  dlorlte  serpentine. 


The  large,  2,000-feet-to-the-inch  map  of  the  island  has  been  prepared  to  show 
the  general  geology  of  the  whole  Island,  the  topography,  and  location  of  towns, 
trails,  mining  sites,  and  claims.  The  prominent  hilltops  were  located  by  tri- 
angulation  by  the  Coast  and  Geodetic  Survey.  The  topography  Is,  for  the  most 
part,  sketch  work,  but  checked  by  data  obtained  by  traversing,  so  that  it  has 
been  made  Quite  accurate  as  to  the  main  features.  The  extraordinary  Jungle 
growth  made  this  portion  of  the  work  well-nigh  impossible  on  a  more  detailed 
basis.  On  the  same  map  there  are  shown,  by  means  of  dotted  lines,  the  areas, 
which  have  been  mapped  more  in  detail,  of  the  present  and  past  mining  sites. 

DETAILED  GEOLOGY  OF  BATAN  ISLAND. 

Confining  our  attention  now  to  the  Island  of  Batan,  we  shall  take  up  Its 
geology  in  somewhat  greater  detail  and  with  si)ecial  reference  to  the  coal 
deposits. 

IGNBOCS  BASE. 


At  the  base  of  all  the  formations  exposed  on  Batan  Island  there  Is  a  dark- 
green,  fine-grained  rock,  at  times  showing  marked  porphyrltic  fades,  which 
constitutes  the  long  ridge  from  Calanaga  Bay  to  East  Point,  and  out- 
crops in  a  large,  tongue-like  mass  at  the  entrance  to  Caracaran  Bay,  near 
the  barrio  of  the  same  name,  and  again  is  seen  as  an  outcrop  on  the  shore  at 
the  visita  of  Liguan.  This  rock  was  also  found  as  a  float  in  two  other  places 
on  the  island,  and  they  are  of  considerable  consequence  in  their  bearing  on  the 
geology  of  the  economic  deposits  of  the  district.  One  of  these  is  at  Bilbao, 
where  it  was  seen  in  the  trail  near  the  miners'  camarlne,  and  the  other  in  the 
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interior  of  the  island  in  a  small  tributary  of  Oaracaran  River  near  its  head- 
waters. 

It  would  seem  in  the  light  of  these  findings  that  the  sediments  in  which  the 
coal  seams  are  included  were  more  of  the  nature  of  a  veneer  of  ocean-made 
debris  laid  down  on  the  worn-down  stump  of  a  volcanic  pile  and  raised  to  their 
present  position  by  subsequent  dlfterential  thrust  from  below.  It  is  the  writer's 
conception  that  phenomena  somewhat  analogous  in  the  main  to  those  recorded 
by  Mr.  R.  T.  Hill «  in  his  recent  discussions  of  the  evolution  of  the  Windward 
Archipelago  also  obtain  here,  not  only  in  Batan,  but  in  many  islands  of  the 
Philippine  group.  If  this  be  true,  there  seems  to  be  no  great  encouragement  to 
deep  mining,  at  least  on  Batan  Island. 

THB   IQNBOUS   BOCK. 

Megascopic, — In  the  field  this  rock  is  seen  to  grade  from  a  fine-grained  dark- 
green,  almost  black  basalt  (f.  n.,  field  and  quantitative  classification  of 
igneous  rocks  ^)  to  a  porphyritlc  rock  with  large  pyroxene  crystals  over  an  inch 
in  length,  and  from  this  to  a  true  serpentine.  Specimens  are  at  hand  whidi 
show  the  merest  remnants  of  the  original  rock  included  in  a  network  of  greenish 
serpentine  and  white  magnesite.  The  serpentine  and  magneslte  are  only  found 
on  weathered  faces,  such  as  along  the  seaward  cliffs  of  the  long,  bare  ridge 
running  from  Calanaga  Bay  to  East  Point 

In  the  vicinity  of  Liguan  and  Oaracaran  only  the  fine-grained  aphanitlc  fades 
was  seen. 

As  one  skirts  along  this  great  ridge  of  serpentinized  rock  he  is  struck  with  its 
likeness  to  similar  rocks  along  the  California  coast 

Microscopic. — When  studied  microscopically  the  rock  is  seen  to  be  not  a  basalt 
in  the  commonly  accepted  meaning  of  the  word,  as  the  feldspars  are  charac- 
teristically lacking.  In  the  less-altered  sections  the  chief  minerals  were  found 
to  be  olivine,  a  pyroxene  or  amphibole  (not  readily  distinguished  from  the 
alterations),  and  magnetite.  The  whole  section  is  seen  to  be  a  network  of 
serpentine,  even  though  the  hand  specimen  does  not  show  it    (See  PL  XIX  6.) 

This  rock  was  called  a  basalt  by  Lieutenant  Markham,  but  that  identificatioo 
was  made  simply  from  a  hand  specimen  hastily  examined  in  the  field.  The  rock 
is  more  of  a  peridotite  than  anything  else,  though  it  grades  into  a  pyroxenite. 
The  writer  has  examined  microscopically  identical  rocks  from  the  Coast  Range 
of  (California. 

Lieutenant  Markham  also  refers  to  sedimentary  beds  intercallated  between 
successive  fiows  of  this  igneous  rock.  The  writer  saw  no  such  phenomenon  as 
this  on  Batan  Island.  What  probably  led  Lleutaiant  Markham  to  make  this 
statement  was  a  pseudostratification  simulated  by  the  secondary  structure  Joint- 
ings, shearing  planes,  etc.,  which  are  quite  prominent  along  the  north  shore  of 
the  Island.  This  Jointing  occurs  In  two  sets,  one  with  a  dip  of  65**  and  striking 
north  45**  west,  and  the  second,  less  marked,  dipping  45**  and  striking  north  75** 
east,  differing  not  essentially  from  the  tectonic  line  as  found  on  Rapurapu 
Island. 

Analysis. 

Percent 

Moisture  at  110** 0. 73 

Loss  on  ignition 8.27 

SiOa 39.16 

AlaO, 3.  76 

FeaO. 4.32 

FeO 3. 55 

CaO 2.08 

MgO 38. 15 

Na,0 .70 

Total 100.72 

Specific  gravity,  2.88. 

«  R.  T.  Hill :  "  Peie  and  the  Evolution  of  the  Windward  Archipelago."  BulL 
Geol.  Sos.  of  Am.,  vol.  16,  pp.  243-288,  1905. 

^ Cross,  Iddlngs,  Plrsson,  and  Washington:  ** Quantitative  Classification  of 
Igneous  Rocks."    Chicago,  1904. 
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IRON   FORMATION. 

Resting  on  top  of  the  igneous  base  is  the  remnant  of  a  formation  which  was 
formerly  In  all  likelihood  very  extensive *and  possibly  quite  thiclc,  but  now  is 
represented  by  a  few  huge  bowlders  of  hematite  and  limonite  on  the  slopes  and 
even  summits  of  the  ridge  from  Calanaga  Bay  to  East  Point.  Its  former  ex- 
tension over  other  parts  of  the  island  is  also  attested  by  the  presence  on  the 
seashore  near  Liguan,  just  above  the  igneous  rocli,  of  pebbles  and  small  bowl- 
ders of  iron  ore.  Also  by  the  presence  of  great  quantities  of  quartz  pebbles 
in  the  conglomerate  at  the  base  of  the  coal  measures. 

It  is  known  that  quartz  in  veins  is  of  frequent  occurrence  in  the  iron  deposits 
of  the  Lake  Superior  region.  A  similar  source.  It  is  believed,  must  be  account- 
able for  the  great  quantity  of  quartz  in  the  basal  beds.  If  such  an  iron  forma- 
tion carrying  quartz  in  the  form  of  veins  were  subjected  to  the  processes  of 
erosion,  the  quartz,  being  the  most  refractory  constituent,  would,  of  course,  be 
the  last  to  disintegrate  and  be  born  away  by  streams  and  the  wash  of  the 
waves.  As  the  Igneous  rock  referred  to  contains  no  free  quartz  whatever,  we 
are  driven  to  this  conclusion. 

This  old  iron  formation  was  found  again  occurring  on  the  western  end  of 
Rapurapu  Island  resting  as  before  upon  the  same  igneous  rock,  but  it  is  more 
extensive  there  than  on  Batan  Island.  As  before,  no  regular  bedding  could 
anywhere  be  made  out,  but  huge  bowlders  of  it  were  everywhere  to  be  seen. 

At  Babayon  Point,  on  Rtfpurapu,  an  exposure  of  both  igneous  rock  and  iron 
formation  was  visited  which  showed  the  relations  sketched  below  in  the 
diagram. 

At  first  sight  the  conglomerate  was  taken  to  be  the  basal  conglomerate  be- 
tween the  igneous  rock  and  the  iron  formation,  but  after  some  search  pebbles 
of  ir(m  ore  were  found  sparsely  scattered  throughout  the  conglomerate  with 
igneous  pebbles.  This  conglomerate  represents  merely  a  conglomerate  forming 
at  the  present  time. 

Analysis  of  the  ore. 


Constltaeiit  elements. 


Moisture  at  110*. 
Loss  on  ignition. 

SlOi 

A1,0, 

FetO> 

FeO 

MnO 

CaO 

MgO 

PiO» 

8 

TlOi 

Total 


Batan  ore. 


Percent. 

3.46 

16.68 

11.32 

1&13 

a50.33 

a.  08 

1.65 

.47 

.14 

e.08 

.18 

.10 


I 


99.62 


A  standard 
Lake  Supe- 
rior Umon- 
ite  from  the 
Mesabi 
Range. 


Per  cent, 
8. 25 
1.3028 
3.303 
.6073 


)         (6) 


•  Pe  —  35.23. 
Specific  gravity,  3.42. 


»Fe  — 58.8118. 


*  P  =  .035. 


.3211 
.2801 
.1358 
.0348 
.0037 


As  the  lowest  economic  limit  for  the  iron  content  is  about  50  per  cent,  as  a 
rule,  and  is  generally  53  per  cent  (though  at  Iron  Mountain,  Mich.,  ore  run- 
ning as  low  as  47  per  cent  in  iron  is  said  to  be  capable  of  Bessemer  treatment), 
it  will  be  seen  that  this  Batan  ore  is  far  too  low  for  any  such  treatment,  and 
we  believe  of  too  low  a  grade  for  any  profitable  treatment  at  all.  The  phos- 
phorus content  is  well  within  the  0.045  limit,  usually  taken  as  the  standard 
limit  in  iron  ores.  The  percentage  of  sulphur  is  so  small  as  to  be  practically 
negligible. 

BXTHNT  OF  IRON  FORMATION. 


As  yet  the  writer  has  seen  iron  ore  on  portions  of  these  two  islands  only, 
and  occurring,  as  before  noted,  in  patches,  remnants  of  a  more  extensive  forma- 
tion.   It  may  be  found — indeed,  it  is  quite  probable — that  this  remnant  was 
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once  coextensive  with  the  iron  formation  In  the  Camarlnes,  and  even  with  that 
farther  north  In  Bulacan.  An  examination  of  the  associated  rocks  from  the 
Bulacan  iron-ore  deposits  leads  us  to  be  strongly  of  this  opinion.  At  the  earli- 
est opportunity  an  examination  of  the  geology  of  these  deposits  will  be  made 
for  the  purposes  of  correlation. 

ORIGIN  OF  ISON  FORMATION. 

The  great  iron-ore  deposits  of  the  world  are,  almost  without  an  exception, 
sedimentary  deposits,  and  hence  of  secondary  origin;  and  further,  they  are 
associated  In  nearer  or  remoter  degree  with  igneous  rocks.  The  igneous  rocks 
were  the  original  home  of  the  Iron ;  meteoric  water  has  been  the  ag^it  in  leach- 
ing out,  transporting,  and  depositing  the  ore. 

Within  the  last  few  years  rapid  and  radical  changes  have  taken  place  in  our 
knowledge  of  the  principles  involved  in  the  origin  of  ore  deposits.  At  the  ri^ 
of  reproducing  material  perfectly  well  known  to  some  and  also  of  appearing  too 
academic  in  a  rejwrt  of  this  nature,  we  shall  briefly  outline  the  general  prin- 
ciples of  the  origin  of  iron  ores  for  the  benefit  of  those  to  whom  the  literature 
of  Van  Hlse  <»  and  others  is  not  available. 

In  the  igneous  rocks  are  many  minerals  among  whose  constituents  is  iron, 
but  it  is  as  iron  in  combination,  not  as  metallic  iron  (though  exceptional  cases 
of  original  metallic  Iron  In  Igneous  rocks  are  known,  as  also  the  presence  of  it 
in  meteorites).  A  few  of  these  minerals  are  magnetite,  FesO*,  and  a  host  of 
complex  silicates,  of  which  augite,  actlnollte,  and  olivine  are  the  chief. 

Through  weathering,  these  rocks  are  broken  up  and  the  minerals  decomposed. 
The  iron,  with  aluminum  and  other  elements,  becomes  combined  with  oxygen 
and  water,  and  various  carbonates  and  hydrates  are  formed,  but  Iron  usually 
is  taken  underground  in  the  form  of  FeOO».  When  the  water  bearing  iron 
carbonate  in  solution  comes  to  the  surface  the  OOt  is  liberated  and  the  oxide  is 
hydra  ted  and  Ilmonlte  formed. 

In  the  early  part  of  the  process  the  water  is  descending;  in  the  latter  part 
it  is  ascending,  as  a  general  thing. 

But  besides  the  action  of  meteoric  water  we  must  consider  the  little-known 
work  of  an  insignificant  little  group  of  organisms  which  probably  have  had 
greatly  to  do  with  the  formation  of  deposits  of  iron  ore.  It  is  well  known  that 
there  is  a  group  of  bacteria  which  swarm  in  the  bulbs  of  certain  leguminose 
plants  capable  of  extracting,  in  some  way  not  yet  perfectly  understood,  nitro- 
gen from  the  air.  This  has  recently  been  employed  in  a  practical  way  in  agri- 
culture for  inoculating,  as  It  were,  soil  which  has  become  depleted  of  Its  nitrog- 
enous matter.  So  there  Is  a  group  of  bacteria,  too,  which  is  capable  of  **  fixing  " 
iron.  Just  how  much  is  due  to  the  action  of  low  forms  of  plant  life  decaying  in 
swampy  places  in  contact  with  precipitates  of  iron  oxide  would  be  interesting  to 
know. 

We  shall  refer  again  to  the  action  of  these  lowly  organisms  when  we  reach 
the  subject  of  the  deposition  of  coal  deposits. 

Now,  in  the  case  of  the  Batan  and  Rapurapu  deposits  of  iron  ore,  we  have  the 
igneous  rock  Immediately  below  the  iron  formation.  Petrographic  examination 
of  this  rock  shows  it  to  contain  minerals  rich  in  iron,  magnetite  being  abundant 
in  the  section.  Ascending  waters  leached  this  rock  of  its  iron,  carried  it  up  into 
the  formation,  whatever  It  may  have  been  before,  and  replaced  it,  molecule  for 
molecule,  with  Iron-oxlde  molecules  From  an  analysis  this  would  seem  to  have 
been  the  case,  as  not  Inconsiderable  percentages  of  silica  (SIO2),  alumina 
(AlaOa),  manganese  oxide  (MnO),  traces  of  lime  (CaO),  and  magnesia  (MgO) 
appear  to  represent  the  existence  of  an  antecedent  formation. 

TALUS  OF  THESB  DEPOSITS. 

It  is  almost  certain  that  this  iron  will  have  no  economic  value,  both  from  its 
low  iron  content  and  Its  scattered  distribution,  though  there  must  be  several 
hundred,  possibly  a  thousand,  tons  of  it  in  sight.  The  Bulacan  deports,  nearer 
to  Manila,  of  high  grade  and  extensive,  will,  of  course,  settle  the  question. 

These  deposits  are,  however,  as  has  been  said,  very  important  to  one  int^- 
ested  in  the  broad  problems  of  stratigraphic  correlation. 

«  C.  B.  Van  Hlse :  "A  Treatise  on  Metamorphism.*'  Monograph  XLVII,  XJ.  S. 
Geol.  Survey,  1904. 
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THfl  COAL  MBASUBBS. 

We  come  now  to  a  consideration  of  the  most  important  series  of  all  the 
formations  in  the  Mayon  area — the  coal  measures.  The  use  of  the  words  '*  coal 
measures"  is  restricted  to  the  series  of  shales,  grits,  and  sandstones  in  which 
we  find  the  coal  seams  and  does  not  include  the  great  beds  of  limestones  which 
separate  the  several  coal  horizons. 

There  are  three  distinct  coal  horizons  on  Batan  Island,  the  highest  of  which 
has  be^i  the  only  one  to  be  exploited  commercially,  but  recent  exploratory  work 
has  shown  the  two  lower  horizons  to  be  much  more  valuable.  Beginning  with 
the  lowest  horizon  we  find  a  "grit"  of  variable  thickness,  the  exact  amount 
of  which  could  not  be  determined,  as  the  drills  did  not  penetrate  it  entirely,  nor 
could  much  be  told  from  the  exposures,  owing  to  the  heavy  mantle-like  talus 
which  makes  the  prospector's  and  geologist's  work  exceedingly  difficult.  Above 
this  "grit,"  which,  by  the  way,  becomes  less  coarse  the  farther  removed  geo- 
logically from  the  igneous  rock  and  iron  formation,  is  a  rather  complex  series 
of  shales,  sandstone  beds,  and  coal  seams.  By  referring  to  any  of  the  drill 
records  (Nos.  11,  11  A,  and  13),  a  fair  idea  of  these  coal  measures  is  to  be  had. 
Drill  hole  No.  13,  for  instance,  shows  twelve  seams  of  coal,  the  thinnest  being 
6  inches  thick,  while  the  thickest  is  3  feet  9  inches.  It  is  estimated  that  the 
total  thickness  of  this  lower  series  is  over  300  feet,  and  may  be  even  consider- 
ably more.  No  reliable  means  of  telling  are  at  hand,  as  the  drill  did  not  reach 
the  lowest  part  of  the  measures  in  any  place. 

An  examination  of  the  drill  record  of  No.  13,  and  others  as  well,  will  make  it 
clear  that  there  is  no  constancy  in  the  character  of  the  beds  above  and  below 
the  coal  seams.  In  some  cases  there  is  a  "  grit "  Just  above  the  coal  with  shale 
below  it,  then  again  these  conditions  are  reversed  and  the  shale  is  above  and 
"grit"  below  the  coal  seams,  with  no  other  indications  of  overturn.  This 
"  grit "  is  probably  equivalent  to  Verbeek's  quartz  sandstone  stage  or  Stage  11 
of  the  Eocene.® 

By  referring  to  the  geologic  map  the  surface  extent  of  this  formation  can  be 
seen.  Some  portions  of  the  boundary  lines  will  be  open  to  revision  when  some 
of  the  jungle  is  cleared  away  and  more  outcrops  are  obtained. 

This  set  of  coal  measures  is  found  beginning  at  sea.  level  with  a  lateral  extent 
from  the  limestone  escarpment  Just  east  of  Liguan  westward  along  the  coast 
to  a  point  halfway  between  Liguan  and  the  government  post  storehouse,  thence 
running  as  a  broad  belt  up  the  slope  of  the  hill  'to  the  northeast,  swinging 
around  more  and  more  to  the  east  when  an  elevation  of  300  feet  is  reached. 

As  one  walks  along  the  beach  eastward  he  comes  soon  to  limestone  cliffs, 
which  continue  almost  to  Tinicauan,  the  next  visita  eastward,  when  coal 
measures  corned  in  again. 

From  about  where  drill  hole  No.  13  is  located  limestone  is  the  surface  rock 
all  the  distance  to  the  storehouse,  then  comes  a  break  in  the  limestone  where 
coal  measures  succeed  for  600  or  700  feet.  From  this  point  northwest  the 
limestone  continues  almost  without  a  break  to  Moncao  Bay.  These  measures 
and  limestone  t>eds  follow  the  same  general  course  northeast,  only  to  swing 
eastward  higher  up  on  the  slopes  of  the  mountain.  How  thick  this  second 
limestone  is  would,  indeed,  be  hard  to  conjecture,  though  we  might  form  some 
idea  from  its  horizontal  outcrop  and  its  angle  of  dip.  By  the  well-known  rule 
that  the  thickness  equals  horizontal  outcrop  times  the  sin  of  the  angle  of  dip, 
we  would  get  a  rough  estimate,  but  not  an  exact  one,  as  erosion  has  planed 
off  some  of  its  thickness  and  land  slipping  has  brought  overlying  coal  measures 
down  farther  than  they  really  belong.  This  computation  would  give  170  feet 
for  the  probable  average  thickness,  which  is,  if  anything,  too  low. 

When  we  come  to  the  uppermost  beds  of  limestone,  the  bottom  of  which  is 
somewhere  in  the  neighborhood  of  the  500-foot  elevation,  a  greatly  increased 
thickness  is  found,  for  from  this  elevation  to  1,000  feet  the  summit  of  the 
ridge  is  limestone  almost  continuous  save  for  one  or  two  minor  partings  of 
shale,  which  are  to  be  found  In  any  great  mass  of  limestone  strata. 

It  has  been  found  that  this  general  sequence  of  beds  prevails  in  the  entire 
island  from  west  to  east,  but  these  formations  have  not  been  mapped  with  any 
such  degree  of  minuteness  on  the  eastern  half  as  on  the  ground  included  in 
the  government  reservation.  This  Is  work  laid  out  for  the  future,  when  it 
shall  have  been  decided  to  develop  the  coal  deposits  of  the  district,  and  until 
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such  time  it  were  useless  labor,  as  every  foot  of  the  ground  traversed  necessi- 
tates the  use  of  the  bolo. 

In  the  eastern  portion  of  the  Island,  oflP  the  reservation,  coal  deposits  were 
found  on  the  south  side  in  the  vicinity  of  the  barrio  of  Dapdap  and  of  the 
pueblo  of  Batan,  dipping  fairly  constantly  to  the  north,  or  a  trifle  east  of  north 
at  angles  of  10 "*  to  20°,  and  also  on  the  north  side  of  the  Island  of  Bilbao  and 
Oalanaga,  also  dipping  to  the  north  at  20°.  Ck)nslderlng  the  distance  apart  and 
the  angle  of  dip,  the  beds  on  the  north  and  south  sides  could  not  be  made  to 
correlate.  The  natural  tangent  of  10°  in  a  distance  of  even  1  mile  would  caose 
the  beds  of  the  southern  half  to  be  projected  far  below  the  Oalanaga  seams. 
However,  folding  might  bring  them  up  again,  but  a  fairly  close  inspection  of 
the  intervening  country  by  Lieutenants  Markham  and  Wigmore,  Mr.  Oscar 
Halvorsen,  former  superintendent  of  explorations,  and  the  writer  revealed  north 
and  northeast  dips  only. 

With  what  beds  in  the  Liguan  series  are  we  to  correlate  these  eastern  out- 
crops? Those  exposed  on  the  south  side  of  the  Island  undoubtedly  are  continu- 
ations of  the  lower  series  near  Liguan,  as  the  writer  found  isolated  outcrops  at 
Intervals  of  one-fourth  to  one-half  mile  all  along  the  slopes  of  the  southern 
range  of  hills  and  always  with  a  general  northward  dip  and  east-west  strike. 
But  when  we  come  to  correlate  the  Calanaga  series  there  is  more  difBculty. 
From  the  very  incomplete  and  preliminary  work  which  the  writer  up  to  this 
time  has  been  able  to  do  on  the  stratigraphic  problems  of  this  district.  It  is  his 
opinion  that  the  Calanaga  beds  are  very  much  higher  and  hence  younger  geo- 
logically than  the  Liguan  series.  Possibly  they  are  to  be  found  continuous 
with  a  bed  outcropping  near  the  head  of  Moncao  River,  at  300  feet  above  sea 
level,  on  the  northeast  slope  of  the  Liguan  ridge.  The  appearance  of  the  shales 
beneath  and  the  limestone  above  with  the  Included  fossils  seem  to  bear  out  tliis 
view.  No  specific  studies  of  the  fauna  of  these  beds  have  yet  been  made — 
merely  general  examinations  so  far — but  even  this  has  shown  that  they  both 
have  a  very  modem  aspect.  This  comparison  of  faunas  is  a  very  slow  and 
difficult  work,  but  oftentimes  the  only  means  of  correlation. 

When  possible  to  employ  purely  stratigraphic  principles  the  work  of  correla- 
tion is  apt  to  be  surer,  but  In  the  absence  of  continuity  and  uniformity  In  the 
beds,  as  here,  we  must  depend  largely  upon  paleontologic  features. 

Further  search  may  disclose  the  fact  that  these  Moncao  deposits  simply  con- 
tinue around  the  contour  of  the  hill  and  connect  with  the  upper  set  of  coal 
seams  on  the  Liguan  side,  leaving  the  Calanaga  seams  in  a  higher  horizon 
not  found,  or  at  least  not  discovered,  on  the  north  side  of  the  Liguan  ridge. 

It  is  thus  seen  that  the  problem  of  the  contiguity  of  the  seams  and  their 
correlation  Is  by  no  means  settled  as  yet.  For  the  accomplishment  of  this 
much-desired  end  more  detailed  prospecting  in  the  Jungle  and  more  extensive, 
systematic,  and  deeper  drilling  Is  absolutely  Imperative  before  the  whole  truth 
be  known. 

OEIOIN  OF  THS  COAL   MBASUBBS. 

It  might  be  thought  the  origin  of  coal  a  question  settled  for  all  time,  but 
recently  work  has  been  done  by  a  German  scientist,  Donath,<»  whose  literature, 
however,  we  have  not  been  able  to  obtain  up  to  this  time,  which  purports  to 
have  outlined  a  new  theory.  As  near  as  we  can  make  out  from  what  we  have 
been  told  by  one  of  our  colleagues  in  the  bureau  of  government  laboratories, 
who  has  visited  this  scientist  in  his  laboratory  in  Germany,  the  new  theory 
stipulates  an  animal  origin — or,  more  precisely,  animal  agency — in  the  process 
of  coal  making.  If  he  means  by  that  some  low  form  of  lifelike  bacteria  acting 
upon  decaying  cellulose,  then  we  see  some  substantial  grounds  for  the  use  of  the 
word  "  animal."    Such  an  explanation  would  fall  in  very  nicely  with  what  we 

*^  E.  Donath :  Betrachtungen  ilber  das  Backen  und  Uber  die  Bildung  der  Steln- 
kohle,  Zelt.  ftlr  angewandte  Chemie,  Heft  20,  p.  490,  1902. 

(Since  the  manuscript  for  this  report  was  sent  to  the  press  the  above-cited 
article  has  been  obtained.  In  this  the  author  asserts  that  anthracite  and  bitumi- 
nous coal  were  of  different  origin  from  brown  coal.  He  mentions  the  similarity 
of  coke  obtained  from  "  steinkohle  "  and  Elwelsskorper.  Whether  In  later  arti- 
cles he  goes  so  far  as  to  assert  that  it  was  formed  from  Plankton  deposits  and 
not  at  all  from  plants  we  are  unable  to  find  out.  However,  his  whole  study  of 
coking  properties  and  distillation  products  of  coals  and  his  comparisons  of  these 
with  other  organic  substances  are  highly  Interesting  and  important.  Perhaps 
geologists  have  not  yet  settled  this  question  by  any  means. — ^W.  D.  S.) 
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know  does  take  place  in  the  formation  of  iron  by  tliese  organisms.  But  this  is 
no  new  idea  by  any  means. 

It  is  highly  probable  that  the  coal  formed  within  the  Tropics  may  have  been 
deposited  largely  through  the  agency  of  the  teeming  organisms  which  flourish 
there,  but  ail  coal  was  doubtless  formed  at  times  when  those  localities  in  which 
it  is  now  found  were  tropical  in  nature. 

Putting  away  opinions  and  theories,  the  facts  as  we  find  them  to-day  in  this 
part  of  the  Tropics  appear  to  be  these : 

(1)  The  coal  was  formed  from  accumulated  vegetation. 

As  evidencer  the  numerous  leaf  impressions  preserved  in  and  associated  with 
the  coal  beds ;  tree  trunks,  whose  roots  are  in  one  bed  and  whose  tops  are  in  the 
seam  above  (see  PI.  VI) ;  the  woody  structure  of  the  younger  and  less  consoli- 
dated beds  at  the  eastern  end  of  Batan  Island. 

(2)  The  coal  was  formed  in  tidal  swamps. 

As  evidence,  the  character  of  the  vegetation  whose  remains  now  appear  in  the 
associated  beds,  they  resembling  very  closely  the  vegetation  now  growing  in  the 
tidal  swamps  of  the  present. 

(3)  Remains  of  marine  shells,  mollusca,  and  echinodermata  are  found  in  the 
shale  above  and  below  the  coal. 

(4)  No  great  amount  of  animal  remains,  sufficient  to  have  formed  the  coal 
independent  of  other  agencies,  are  anywhere  found.  Of  course  we  could  not 
detect  the  former  presence  of  bacteria  and  similar  forms  of  life. 

Before  leaving  the  general  discussion  of  the  coal  measures  we  must  refer 
to  a  stratum,  very  thin  it  is  true,  of  "  clay  ironstone."  It  was  found  in  drill 
hole  No.  12  at  a  depth  of  121  feet  and  resting  upon  limestone  and  Just  below 
a  thin  bed  of  "  grit ;"  it  can  not  be  over  a  foot  in  thickness.  It  is  so  charac- 
teristic that  it  was  hoped  that  it  might  be  used  as  an  indicator  in  checking  up 
the  various  drill-hole  records,  but  it  was  never  seen  again  and  must  be  a 
lenticular  body. 

It  is  very  likely  to  be  a  residuum  of  the  old  iron  formation,  which  we  saw 
from  the  analysis  contained  considerable  alumina.  The  presence  of  the  lime- 
stone below  need  offer  no  serious  obstacle,  as  the  original  formation  may  have 
been  a  limestone,  in  its  upper  portion  more  or  less  argillaceous. 

THE    LIMBSTONB    SEBIBS. 

From  our  work  thus  far  we  are  able  to  say  that  there  are  at  least  three  sets, 
possibly  four,  of  limestone  on  Batan  Island.  It  is  found  capping  the  highest 
points,  1,330  feet  above  sea  level,  and  345  feet  below  sea  level.  Corals  not 
essentially  different  from  those  growing  in  the  reefs  to-day  are  formed  at  both 
extremes.  This  means  that  both  elevation  and  subsidence  have  been  a  part 
of  the  island  history.  It  means,  too,  that  the  line  to  be  drawn  between  the 
various  periods  of  the  Tertiary  can  not  be  drawn  easily,  if  indeed  they  can 
be  drawn  at  all,  in  tropical  terranes. 

An  attempt  has  been  made  on  the  large  map  herewith  to  show  the  extent 
of  these  three  limestone  horizons  throughout  the  island,  and  it  will  be  seen 
that  they  have  an  undulatory  line  of  outcrop  across  the  map.  This  is  due 
to  the  secondary  folding.  The  lowest  series  is  best  seen  in  the  neighborhood 
of  the  United  States  military  post.  It  is  very  irregular,  full  of  sink  holes,  and 
is  bluish  gray  and  contains  some  coral  fragments.  The  present  reef  grows 
right  out  from  It.  It  is  at  least  300  feet  thick,  and  may  be  considerably  more. 
Followed  to  the  eastward  it  changes  locally  many  times.  Just  east  of  the  sitio 
of  Manila  it  so  closely  resembles  a  basal  conglomerate  that  the  writer  was 
puzzled  a  long  time  to  account  for  It,  but  as  matrix  and  pebbles  were  of  the 
same  material  it  was  taken  to  be  not  a  basal  conglomerate  but  the  ordinary 
agglomerate  which  will  form  wherever  cliffs  are  found.  This  may  be  equiva- 
lent to  Yerbeek's  Breccia  stage  at  the  base  of  the  Eocene. 

The  second  or  middle  set  Is  encountered  as  one  goes  up  the  trail  above  the 
Urgera  mine.  Here  it  cuts  diagonally  across  the  trail  and  swings  off  in  a 
general  east  and  west,  more  northeasterly,  direction  and  passes  around  the 
hill  to  the  north.  It  is  the  same  limestone  which  is  the  capping  to  the  hills 
all  along  the  south  side  of  the  island.  Now  its  20"*  dip  to  the  northwest  brings 
it  down  to  sea  level  at  Moncao  Bay  and  far  below  sea  level  on  the  north  side 
of  the  island,  where  its  dip  changes  to  northeast  This  limestone  Is  more 
regularly  bedded  than  the  former  but  contains  fewer  fossils.  It  is  In  general 
buff  colored  and  appears  to  be  more  compact  than  the  lower  rock. 

However,  It,  too,  has  great  local  variation,  contains  sink  holes,  and  has  living 
reefs  on  Its  borders. 
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This  limestone  was  followed  eastward  with  considerable  difllculty,  and  Die 
writer  believes  it  to  be  continuous  with  a  very  interesting  fades  which  was 
encountered  in  place  only  in  the  bed  of  the  Caracaran  River  about  1  mile  above 
its  mouth  and  as  float  about  500  feet  up  on  the  western  slope  of  Momit  Vis- 
caya.  Its  whole  thickness  could  not  be  ascertained.  This  stratum  contains  the 
species  Operculina  complanata  and  Cellepora  fortnosensis  (Newt,  and  Holl.)  In 
great  numbers.  The  rock  is  bluish  gray,  coarse  grained,  and  contains  a  mass 
of  fora  mini  feral  tests. 

We  should  be  safe  in  calling  the  thickness  of  this  set  500  feet  at  a  minimum, 
and  a  thickness  of  1,000  feet  undoubtedly  is  reached  in  portions  of  the  island. 

The  third,  and  uppermost,  of  the  limestone  series  is  found  al)ove  tlie  coal 
measures,  at  Bilbao,  on  Mount  Bill>ao.  It  is  much  the  same  as  the  others,  but 
from  its  geographical  position  and  the  invariable  northward  dip  in  the  strata 
on  that  portion  of  the  island  it  must  necessarily  lie  above  stratigraphically. 
It  likewise  dips  northward  into  the  sea,  has  conglomeratic  fades  in  the  region 
of  the  coast  line,  but  much  elevated,  and  Is  in  Juxtaposition  to  living  reefs.  A 
few  fossils  were  collected  from  this  horizon  In  the  short  time  at  our  disposal, 
,but  have  not  yet  been  studied. 

Now,  it  may  be  that  when  the  Jungle  has  been  cleared  away — and  evai  then 
It  will  be  no  easy  work  to  trace  outcrops — these  upper  beds  may  be  found  to 
have  a  fold  in  them  which  will  bring  them  into  continuity  with  the  uppermost 
beds  In  the  southern  range  of  hills,  but  there  Is  no  evidence  for  this  so  far. 

More  or  less  recrystallization  has  gone  on  In  the  rock.  Dolomitlzation  has 
not  gone  far,  as  can  be  seen  from  the  following  analyses,  and  these  limestones 
are  very  pure. 

We  have  one  thin  section  before  us  which  has  a  mottled  appearance,  due  to  a 
mixture  of  amorphous  yellow,  dark-bluish  patches,  and  white-and-black  orstal- 
line  portions.  The  section  also  shows  sections  of  rhombs — i  R.  in  an  amorphous 
matrix. 

Analyses  of  two  Batan  limestones. 


Constituent  elements. 
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SHALES    AND    MABLS. 

In  our  discussion  of  the  coal  measures  we  have  already  made  some  mention 
of  the  shale  beds  which  are  found  alternating  with  the  coal  seams.  These  have 
been  compared  with  those  collected  from  Cebu  and  discussed  by  the  notable 
geologist,  Abella,  and  have  been  found  to  be  very  much  the  same,  though  a  close 
study  of  the  faunas  of  the  two  has  been  necessarily  postponed.  These  shales 
belong,  we  believe,  to  the  Quartz-sandstone  stage  of  Verbeek.® 

Now,  when  we  go  up  the  Caracaran  River  through  the  center  of  the  island 
we  pass  out  of  limestone,  which  dips  here  southeast  in  a  mile  or  so,  and  come  to 
a  great  series  of  shales  dipping  at  first  to  southeast,  then  folding  over  to  the 
north  at  an  average  angle  of  20'  with  local  variation.  The  river  in  places  cuts 
across  the  strike  of  these  beds,  but  in  others  runs  parallel.  The  thickness  of 
these  shales  Is  at  least  10,000  feet,  and  in  all  probability  twice  that.  An  occa- 
sional bed  of  limestone  comes  in,  but  attains  no  great  thickness.  Taking  in 
account  the  angle  of  dip,  its  thickness  would  not  be  over  25  feet. 

This  great  series,  following  Verbeek,  we  wish  to  call  the  marl-sandstone  stage. 
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These  shalee  are  barren  for  the  most  part,  though  one  piece  of  float  coal  was 
found  in  the  stream  bed.  Its  origin  is  not  known.  Plant  remains  and  carbo- 
naceous shales  are  abundant. 

There  is  an  undoubted  unconformity  between  the  limestone  and  the  overlying 
shale,  which  may  be  equivalent  to  the  discordance  mentioned  by  Mr.  Becker  <>  as 
occurring  in  the  Miocene  of  the  Sunda  Islands. 

Figure  4  shows  this ;  however,  it  is  complicated  by  the  local  fold  in  the  sliale 
and  the  unbroken  nature  of  the  limestone. 

This  unconformity  may  be  seen  at  another  place  on  the  coast  between  Gara- 
caran  and  the  sitio  of  Manila.     (See  fig.  5.) 

We  explain  the  limestone  being  above  the  shale  in  the  preceding  figure  as 
due  to  overturn. 

There  is  one  outcrop  on  the  southeast  slope  of  the  Liguan  ridge  which  re- 
sembles the  classic  limestone  from  Binangbnan,  in  Rizal  Province,  very  much, 
but  as  yet  we  have  detected  no /fossils  in  it.  Whether  or  not  this  limestone 
comes  in  above  or  below  the  shales  above  described  is  not  certain,  as  it  was 
next  to  impossible  to  trace  these  formations  satisfactorily  through  the  jungle. 

THE  GALICIA  SANDSTONES  AND  SHALES. 

On  the  north  side  of  the  island  the  predominating  rock  is  a  buff-colored  sand- 
stone, fairly  fine  grained  for  the  most  part,  and  soft  It  possesses  good  lami- 
nation, having  undergone  little  or  no  alteration  since  its  emergence  from  the 
sea.  The  hills  on  the  north  side  of  the  island  as  seen  on  the  large  map  are 
composed  of  this  sandstone,  and  the  stream  gorges  show  some  fine  sections. 
However,  this  formation  is  not  free  from  shale  beds.  Figure  6  is  a  section  from 
the  falls  of  Galicia  Creek. 

At  the  entrance  to  Gaba  Bay  on  the  north  shore  the  angle  of  dip  is  40^  north 
10**  west.  There  is  a  possibility  here  for  a  marked  unconformity  to  be  dis- 
closed, though  we  can  not  trust  to  dips  alone.  The  recorded  dips  taken  from 
the  coast  at  Gallcia  in  succession  up  Galicia  Creek  to  its  head  run  as  follows : 
15%  19%  15%  14%  15**,  28%  45%  32^,  28%  18%  20%  with  the  directions  of  dip 
varying  from  north  45  west  to  due  north,  north  58**  east,  north  80**  east,  south 
55**  east  to  south  85°  east. 

On  the  north  side  of  the  Moncao  River  about  a  mile  southeast  of  Pingan,  in 
a  small  ravine  at  an  elevation  of  150  feet,  we  found  a  basal  conglomerate  at 
the  base  of  this  sandstone  formation  which  may  mark  the  same  unconformity 
as  that  mentioned  above. 

The  truth  of  the  whole  matter  is  that  Batan  Island  has  suffered  many 
oscillations  of  level  and  much  minor  crumpling  of  strata. 

Before  leaving  this  subject  we  should  refer  to  a  statement  made  by  Lieut. 
Edward  Markham,  whom  we  have  already  referred  to: 

"On  the  north  shore  of  the  island  near  Gaba,  where  the  formations  have 
been  uncovered  by  heavy  wave  action,  layers  of  sandstone  may  be  seen  between 
volcanic  strata,  showing  clearly  the  Intermittent  character  of  the  lava  flow." 

Lieutenant  Markham  undoubtedly  took  certain  impure  sandstone  fades  with 
fragments  of  mica,  hornblende,  etc.,  for  volcanic  rock,  as  the  writer  saw  no 
volcanic  material  above  the  basement  rock  save  one  bomb  which  had  evidently 
come  from  Mayon.    This  was  found  on  the  south  shore  near  Caracaran. 

As  to  the  stratlgraphlc  position  of  these  beds,  certain  shaly  beds  near  the 
entrance  to  Gaba  Bay  are  very  rich  in  foramlnlfera,  some  of  which  have  been 
worked  up  and  will  be  discussed  In  the  last  chapter  of  this  paper.  They  point 
clearly  to  some  stage  of  the  Pliocene,  quite  likely  the  Upper. 

Eoonomio. 

HISTOBT. 

The  coal  deposits  of  Batan  Island  rank  next  to  those  of  Cebu  In  point  of  dis- 
covery and  prominence.  Although  combustibles  of  this  kind  were  discovered  on 
the  Island  of  Cebu  as  early  as  1827,  no  mining  was  undertaken  till  the  year  1853. 

The  flrst  attempts  at  coal  mining  on  Batan  Island  were  begun  as  early  as 
1842,  when  the  governor  of  Albay,  Velarde,  worked  and  shipped  Its  coal  from 

«  G.  F.  Becker :  "  Geology  of  the  Philippine  Islands."  Extract  21  Ann.  Rept 
U.  S.  G.  S.,  1901,  p.  550. 
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the  Tlclnlty  of  Calanaga  Bay.  In  1847  Martin  Verande  made  claim  oitriea,  bat 
nothing  very  pretentions  was  pnt  on  foot  until  1874,  when  the  famous  "  La  Paas " 
company,  which  had  previously  been  developing  the  Sugot  property  near  Bacon, 
on  the  Albay  coast,  filed  a  number  of  claims,  but  before  the  proper  proceeding 
had  been  gone  through  with  for  Issuance  of  titles  the  company  dissolved  throng 
lack  of  funds.  The  "  La  Paz  **  claims  were  named  "  Esperanza,"  "  Filipinas," 
and  "  Albay,"  but  as  the  concessions  were  never  granted  their  locations  are  not 
shown  on  the  accompanying  map. 

By  referring  to  the  admirable  rapid  history  of  the  coal  measures  of  the  Phil- 
ippines, compiled  by  Mr.  Burrltt,"  former  chief  of  this  bureau,  we  find  that  not 
until  1893  were  more  claims  taken  up,  and  that  all  interest  seems  to  have  waned. 
But  in  that  year  claims  were  taken  out  by  three  different  parties — ^the  **  Sodupe," 
of  two  pertenencias,  by  Gil  Brothers^  Manila,  on  December  20 ;  the  "  Balmera," 
**  Urgera,"  and  "  Ganalda,"  one  pertenencia  each,  December  21,  by  Messrs.  Vll- 
lanueva  &  CJo. ;  and  the  "  San  Francisco,"  of  four  perten«icias,  by  EmUlo  Mufioz, 
December  30.  In  1894  there  was  added  to  the  Gil  Brothers*  group  of  mines  the 
"  Bilbao,"  of  four  pertenencias,  on  December  20 ;  the  "  Lucas  y  Josefa,"  of  one 
pertenencia,  and  the  **  Chifiadura,"  also  of  one  pertenencia ;  and  to  the  properties 
of  Messrs.  Villanueva  &  CJo.  the  "  Perseverancia,"  of  one  pertenencia.  In  March, 
1895,  Gil  Brothers  presented  petitions  for  the  "  Presentacion "  and  the  "  Ola- 
veaga,"  of  two  pertenencias  each.  All  the  above  concessions  were  granted. 
These  represent  all  the  **  first-clasrf  claims  "  prior  to  the  American  occupation 
At  the  time  of  the  occupation  a  number  or  claims  were  pending,  but  titles  have 
never  been  granted  to  them,  and  since  that  time  only  very  meager  work  has  been 
carried  on,  and  at  this  time  there  Is  no  mining  or  development  work  being 
done  anywhere  on  the  island. 

According  to  the  best  available  information,  Gil  Brothers  did  not  begin  their 
operations  until  1899.  A  number  of  Spanish  miners  were  sent  down  to  begin 
work,  but,  as  report  has  It,  all  got  drunk,  and  the  work  did  not  proceed  very  &ir. 

Work  was  resumed  in  March,  1904,  under  the  supervision  of  a  Japanese  eon- 
tractor,  Mr.  Gato.  He  was  succeeded,  for  some  unlmown  reason.  In  November 
of  the  same  year  by  Mr.  Ikeda,  also  a  Japanese,  and  he  continued  in  charge  of 
the  work  until  the  shutting  down  in  the  first  week  of  June  of  the  present  year. 

This  mine,  the  most  pretentious  undertaking  in  the  colliery  line  outside  of 
Cebu,  is  called  the  "  Minas  de  Batan."  It  will  be  referred  to  again  In  greater 
detail  in  the  following  pages. 

In  1901  the  military  authorities  of  the  Philippine  division  considered  the  mat- 
ter of  investigating  the  coal  deposits  of  various  localities  In  the  archipelago,  with 
a  view  to  mining  the  fuel  for  use  on  military  transports  and  on  naval  vessels. 
It  will  be  recalled  that  this  same  plan  was  proposed  several  times  to  the  Span- 
ish Government,  but  was  never  adopted,  every  inspector  sent  out  to  investigate 
the  feasibility  of  such  a  proposition  opposing  it. 

However,  on  September  7,  1901,  Lieut.  Edward  Markham,  Corps  of  En- 
gineers, U.  S.  Army,  was  detailed  to  make  this  investigation,  visiting  the  islands 
of  Batan,  Cebu,  Negros,  Mindoro,  Mindanao,  Semlrara,  and  Surigao.  On  com- 
pleting this  preliminary  Investigation,  Lieutenant  Markham  submitted  his  re- 
port to  the  division  commander  on  March  2T,  1902,  recommending  therein  the 
selection  of  the  sitlo  of  Llguan  as  a  suitable  location  for  government  mining. 
Acting  upon  this  recommendation,  Lieut.  H.  L.  Wlgmore,  Corps  of  Engineers, 
U.  S.  Army,  proceeded  to  Batan  Island  in  the  summer  of  1903  with  a  detachment 
of  soldiers  from  the  Engineer  Corps  and  two  diamond  drills  to  take  up  the 
work  of  further  exploration. 

In  the  fall  of  that  year  Mr.  Oscar  Halvorsen  was  sent  down  by  the  civil  gov- 
ernment to  superintend,  under  the  orders  of  Lieutenant  Wlgmore,  the  more 
technical  portion  of  the  work.  Mr.  Halvorsen  remained  on  Batan  Island  for 
some  months. 

In  March,  1905,  the  writer  was  detailed  by  the  chief  of  the  mining  bureau  to 
make  a  report  on  the  economic  geology  of  Batan  Island  and  vicinity,  and  to  lend 
such  technical  assistance  to  Lieutenant  Wlgmore  as  could  be  rendered  to  facili- 
tate the  work  of  exploration.  On  April  20,  1905,  Lieutenant  Wlgmore*s  report 
was  submitted  to  the  division  commander  and  the  work  of  exploration  sus- 
pended indefinitely,  awaiting  the  action  of  Congress. 

«  Charles  H.  Burritt :  '*  Report  to  the  United  States  Military  Governor  In  the 
Philippines  on  the  Coal  Measures  of  the  Philippines."  War  Department,  Divi- 
sion of  Insular  AflPalrs,  August,  1901. 
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Since  that  time  only  a  little  spasmodic  prospecting  has  been  carried  on  and 
some  coal  taken  out  by  the  natives  for  local  consumption. 

Such  is  the  past  history  of  the  work  and  investigations  on  the  coal  deposits 
of  Batan  Island.  What  the  future  history  of  these  coal  fields  will  be  Is  hard 
to  tell.  It  Is  certain  that  private  capital  will  hold  aloof  until  two  points  are 
settled.  First,  It  will  await  the  action  of  the  Government ;  second,  It  will  also 
probably  wait  for  a  more  liberal  mining  law,  In  particular  upon  points  which 
relate  to  purchase.  This  does  not  apply  solely  to  Batan  Island,  but  to  the 
whole  Islands. 

THE  COAL  SEAMS. 


Brief  discussion  has  been  made,  under  "  Geology,"  of  the  occurrence  of  the 
coal  measures,  and  It  now  devolves  upon  us  to  treat  the  coal  seams  as  economic 
deposits. 

In  the  area  wherein  the  lower  coal  measures  come  to  the  surface  ( see  vicinity 
map  of  Llguan )  there  are  no  less  than  23  outcrops  of  coal.  These  by  no  means 
signify  that  number  of  distinct  coal  seams.  For  the  true  number,  thickness, 
and  quality  the  records  of  the  cluster  of  drill  holes  located  near  sea  level 
should  be  consulted.  The  outcrops  never  give  the  true  condition  of  the  coal, 
and  oftentimes  the  position  and  thickness  of  the  seams  are  totally  different 
from  what  Is  true  In  a  considerable  distance  from  the  surface.  Observations 
with  regard  to  dip  of  the  seams  and  analyses  of  outcrop  samples  are  to  be 
given  considerable  allowance  for  effects  of  landsUpplng,  saturation  with 
water,  etc.  ' 

Drill  hole  No.  11  D  Is  the  lowest  hole  topographically,  14  feet  above  sea  level, 
in  these  lower  measures,  and  It  showed  two  seams  4  feet  10  Inches  and  4  feet  4 
Inches  thick,  respectively,  the  former  at  a  depth  of  15  feet  and  the  latter  at  60 
feet,  the  Intervening  rock  being  arenaceous  shale.  Though  the  boring  Is  112 
feet  deep,  It  does  not  reach  the  lower  limestone. 

Drill  hole  No.  13,  a  trifle  over  200  feet  distant  along  the  line  A  D  (see  vicinity 
map,  PI.  VI),  shows  11  seams,  the  thickest  being  4  feet  11  Inches.  Now,  with 
which  seams  of  No.  13  to  correlate  those  of  No.  11  D  Is  one  of  the  most  puzzling 
problems  encountered  anywhere  on  the  Island.  By  making  use  of  three  drill 
holes  not  In  the  same  plane  the  dip  can  be  determined  when  any  one  bed  which 
Is  constant  and  distinct  enough  to  be  used  occurs  In  each  bore.  By  projecting 
this  stratum  In  each  hole  up  to  the  plane  in  which  it  Is  found  In  any  one,  taking 
either  the  highest  or  lowest  point  of  the  stratum  as  the  plftne  of  reference  (it 
is  immaterial  which  is  taken),  the  dip  Is  readily  computed.  But  when  there 
Is  no  one  bed  distinctive  and  constant  enough  to  tie  to  there  Is  difficulty  right 
away,  and  this  is  just  the  trouble  In  many  of  the  bore-hole  sections  of  Batan 
Island.  From  the  Irregularity  and  almost  total  discordance  between  many 
of  the  bore  holes  close  together  it  would  seem  that  violent  disturbances  had 
taken  place,  or  that  the  coal  had  pinched  out,  thickened,  and  thinned  many 
times,  but  It  Is  believed  that  the  case  is  not  really  as  bad  as  it  at  first  appears. 
The  writer  is  more  of  the  opinion  that  difficulties  In  the  drilling,  casing,  Inabil- 
ity to  obtain  cores  of  all  the  strata  passed  through,  and  lack  of  care  and  knowl- 
edge on  the  part  of  the  drill  men  may  be  made  to  explain  a  great  deal  of  the 
apparent  discrepancy.  In  fact,  the  writer  on  examining  the  drill  cores  found 
one  or  two  cases  of  mislabeling. 

If  the  dip  between  these  holes  can  not  be  satisfactorily  determined,  we  still 
have  some  Idea  of  what  the  dip  should  be  from  observations  made  in  the  small 
prospect  entry  in  the  rear  of  the  commanding  officer's  house,  where  the  7-foot 
seam  of  drill  hole  No.  11 D  was  entered  approximately  along  Its  strike.  At  this 
point  It  dips  65°  north  70°  west.  There  seems  to  be  no  question  but  that  this 
seam  is  found  again  In  No.  11 D,  where  two  seams  occur,  the  upi)er  of  which  Is 
4  feet  10  Inches  and  the  lower  4  feet  4  inches.  The  former  of  these  two 
corresponds  to  the  upper  one  In  the  tunnel,  the  latter  to  the  seam  penetrated 
by  the  crosscut  eastward  at  approximately  30  feet  from  the  main  tunnel.  Of 
course  there  necessarily  must  be  a  radical  change  In  the  angle,  a  fiattenlng  out 
of  the  beds,  to  make  these  check  up  at  all.  The  state  of  things  here  Is  about 
as  represented  in  figure  7. 

The  coal  found  In  these  bore  holes  and  the  prospect  tunnel  has  shown  up 
well  In  both  the  analyses  and  calorific  tests.  Reference  is  invited  to  Table  III. 
However,  the  seam  In  the  prospect  entry  shows  up  some  not  altogether  favor- 
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able  features.  Below  is  a  sketch  of  actual  conditions  of  the  face  on  March  30, 
1905: 

From  day  to  day  as  the  work  progressed  the  face  was  watched  closely,  and 
the  shale  partings,  "  butter,"  were  seen  to  thicken  and  thin  and  sometimes  dis- 
appear, but  always  come  in  again.  This,  of  course,  if  a  persistent  phenomoioD, 
would  militate  seriously  in  the  mining  of  the  coal. 

Clearly  from  the  high  northwest  dip  on  the  west  side  of  the  igneous  outcrop, 
the  slicken-sided  and  broken  appearance  of  the  coal,  and  the  southeast  dip, 
found  in  the  stream  bed  220  yards  east  of  the  outcrop  toward  Tinicauan,  we 
may  argue  the  presence  of  an  anticline.  The  apex  would  be  well  up  on  the  side 
of  the  ridge,  not  at  the  top,  fQr  we  are  dealing  with  the  lower  beds. 

The  coal  in  the  upper  or  middle  horizon  shows  up  better  in  the  writer's 
opinion  than  that  in  either  of  the  other  sets.  Three  seams  have  been  penetrated 
in  a  number  of  places  by  drill  holes  and  entered  by  means  of  seven  prospect 
tunnels,  the  two  most  important  being  that  known  as  the  "tJrgera  mine"  on 
the  old  Spanish  claim  of  the  same  name,  at  an  elevation  of  210  feet;  and  the 
San  Francisco,  or  "  Big  Tree "  seam,  at  a  height  above  sea  level  of  374  ffeet 
From  a  careful  examination  of  the  stratigraphic  relations  obtaining  at  these 
two  workings  the  seams  in  the  Urgera  workings  are  to  be  correlated  with  those 
in  the  San  Francisco  tunnel,  both  workings  being  located  more  nearly  on  the 
line  of  strike  rather  than  along  the  line  of  dip.  In  the  "  Big  Tree  "  the  dip  is 
20*  to  25°  north,  15°  to  25°  west,  while  in  the  Urgera  it  has  swung  around 
more  to  the  east,  being  north  40°  east,  with  an  angle  of  10°  to  15°.  Both  coal 
beds  have  shale  or  fire-clay  floors  and  a  bed  of  coarse  to  gritty  sandstone  over- 
lying. The  coal  in  the  two  localities  is  very  much  the  same,  with  the  odds 
somewhat  in  favor  of  the  "  Big  Tree  "  outcrop.  In  the  "  Big  Tree  "  the  coal 
held  up  to  a  thickness  of  6^  feet  for  30  feet,  when  it  pinched  out,  the  roof  run- 
ning down  to  meet  the  floor,  and  not  vice  versa.  This  is  very  important,  for  it 
shows  us  that  the  formation  is  not  a  lenticular  one  but,  it  is  believed,  merely  a 
local  **want."  Lieutenant  Wigmore  thought  it  an  old  stream  channel  later 
filled  with  debris.  The  writer  was  unable  to  get  far  enough  into  the  abandoned 
working  to  judge  for  himself.  The  purely  local  character  of  this  "want"  is 
made  evident  by  the  fact  that  in  another  entry  in  the  same  seam  only  a  few 
feet  away  nothing  of  this  character  was  seen  at  all. 

The  Urgera  tunnel  showed  a  total  of  14  feet  of  coal,  which  great  thicknew 
is  attributed  to  the  **  bunching  up  "  along  the  crest  of  an  anticline.  But  here 
again  a  fault  was  found,  having  a  south  80°  east  direction  and  a  hade  of  10° 
(already  referred  to  above). 

Both  these  coals  possess  a  pood  face  cleat  which  would  be  of  advantage  in 
mining,  and  they  have  fair  adhesiveness  and  but  little  sulphur.  Analyses  of 
these  coals  are  given  in  Table  III,  showing  their  favorable  comparison  with 
Japan,  Wyoming,  and  British  Columbia  coals  which  are  of  the  same  class. 

Plates  XVI,  XVII,  and  XVIII  show  sections  along  the  lines  A-D,  A-B,  and 
E>-B,  respectively,  on  Plate  VII. 

BILBAO   AND   CHIFLADURA    PBOPBRTIBS. 

The  seam  most  extensively  worked  at  the  Chifladura  and  Bilbao  properties  Is 
one  outcropping  at  the  25-foot  contour  line  on  the  former  property  and  on  the 
100-foot  contour  on  the  latter.  At  Calanaga  the  seam  Is  3  feet  6  Inches  thick, 
having  a  hard,  dark  shale  floor  and  with  a  flrm  roof  requiring  little  timbering, 
with  a  dip  of  the  whole  of  20°  north  32°  east.  The  coal  Is,  however,  quite 
Inferior  to  the  LIguan  coal.  In  that  It  comes  very  near  to  being  a  typical  lignite, 
has  very  appreciable  quantities  of  resin,  iron  pyrites  (which  of  course,  means 
sulphur),  and  shows  a  very  decided  tendency  to  crumble  into  little  irregular 
cubes.  But  the  worst  feature  of  all  is  the  ease  with  which  It  takes  fire  from 
spontaneous  combustion.  The  old  Bilbao  working  on  the  west  side  of  Calanaga 
Bay  had  to  be  abandoned  on  account  of  flre  in  the  mine  which  started  from  no 
explosion,  but  simply  from  spontaneous  combustion. 

According  to  Professor  Lewes  «  and  others  considered  to  be  the  ablest  authori- 
ties on  the  subject  of  fires,  explosions,  etc.,  in  mines,  the  causes  of  the  spon- 
taneous combustion  of  coal  are :  **  First,  and  chiefly,  the  condensation  and  ab- 
sorption of  oxygen  from  the  air  by  the  coal,  which  of  itself  causes  heating,  and 
this  promotes  the  chemical  combination  of  the  volatile  hydrocarbon  in  the  coal 
and  some  of  the  carbon  Itself  with  the  condensed  oxygen.    This  process  may  be 

«  The  coal  and  metal  miner's  Pocket-book,  7th  ed.,  Scranton,  Pa.,  1902,  p.  291. 
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described  as  self-stimulating,  so  that,  with  conditions  favorable,  sufficient  heat 
may  be  generated  to  cause  the  ignition  of  portions  of  the  coal.  The  favorable 
conditions  are:  A  moderately  high  external  temperature;  a  broken  condition 
of  the  coal,  affording  fresh  surfaces  for  absorbing  oxygen;  a  supply  of  air 
sufficient  for  the  purpose  but  not  in  the  nature  of  a  strong  current  adequate  to 
remove  the  heat ;  a  considerable  percentage  of  volatile  combustible  matter  or  an 
extremely  divided  condition.  Second,  moisture  acting  on  sulphur  in  the  form 
of  iron  pyrites.  The  heating  effect  of  this  second  cause  is  very  small,  and  it 
acts  rather  by  breaking  the  coal  and  presenting  fresh  surfaces  for  the  absorption 
of  oxygen." 

The  conditions  found  at  both  the  Bilbao  and  the  Calanaga  workings  seem  to  be 
almost  precisely  those  outlined  by  Professor  Lewes.  When  last  visited  by  the 
writer  the  coal  dump  beneath  the  camarlne  at  the  Chlfladura  mine  was  on  Are. 

Nevertheless  this  coal  has  been  used  on  small  coastwise  vessels  for  a  number 
of  years  with  fairly  satisfactory  results.  In  Table  III  Is  an  analysis  of  the 
Bilbao  coal.  It  Is  seen  at  once  to  be  high  in  sulphur — more  than  would  be  good 
for  boilers — contains  over  12  per  cent  of  moisture  and  7  per  cent  of  ash,  and  it 
is  neither  very  high  in  fixed  carbon  nor  In  volatile  matter.  Its  fuel  ratio  is  less 
than  1.  The  analysis  of  the  Chifladura  coal  has  not  been  completed  yet,  but  it 
Is  not  expected  to  show  up  materially  different  The  question  of  fuel  ratio, 
steaming  values,  and  kindred  points  will  come  up  for  further  discussion  in  the 
section  on  value  and  classification  of  the  Batan  coal. 

A  prospect  entry  located  at  an  elevation  of  10  feet  above  high  tide,  on  the 
Bilbao  property,  near  the  company's  office,  was  run  into  the  hillside  for  a  few 
feet  to  Investigate  an  outcropping  of  another  and  lower  seam.  This  had  entirely 
caved  In  before  the  writer's  visit  and  only  the  remains  of  the  dump  outside  could 
be  seen.  EiXamlnation  of  this  brought  to  light  pebbles  of  quartz  and  "  grit,"  and 
fragments  of  the  underlying  Igneous  rock  were  picked  up,  which  makes  It  quite 
possible  that  this  seam  corresponds  to  one  of  the  lower  Llguan  seams.  Neither 
the  dip  nor  the  thickness  of  the  seam  could  be  ascertained. 

At  the  time  of  Lieutenant  Markham's  visit  and  later  during  the  writer's 
visit.  In  1905,  to  the  Bilbao  property,  there  was  no  possibility  of  getting  into 
the  workings,  as  all  the  entries  had  caved  In;  so  that  we  are  obliged  to  rely 
largely  upon  the  company's  prospectus,  which,  of  course,  Is  never  a  satisfactory 
thing  to  do.  From  the  prospectus  of  the  "Mlnas  de  Batan"  company  (Gil 
Brothers)  we  quote  all  that  was  known  up  to  the  time  Lieutenant  Markham's 
reconnoissance  was  made.  As  the  latter  was  at  the  same  time  making  a  general 
survey  of  all  the  localities  in  the  islands  known  to  contain  coal,  for  the  military 
government,  the  information  he  could  obtain  in  the  short  time  at  his  disposal  is 
somewhat  meager. 

To  quote  the  prospectus: 

"There  are  seven  veins  explored  up  to  the  present  time.  They  are  nearly 
parallel  to  each  other,  with  an  average  thickness  of  1  meter  and  an  Inclination 
of  approximately  25°.  The  workings  are:  Gallery  No.  1,  running  In  a  direction 
of  north  20*  west,  transversely  to  the  first  vein,  which  Is  cut  at  25  meters' 
distance  from  the  point  of  excavation.  At  this  point  a  gallery  following  the 
vein  has  been  opened,  this  gallery  being  worked  for  a  distance  of  23  meters  In 
length.  The  transversal  excavation  continues,  encountering  the  second  vein 
nearly  parallel  to  the  first  and  35  meters  distant;  this  has  been  worked  for 
32  meters.  And  for  vein  No.  3  two  galleries,  Nos.  2  and  3,  have  been  opened, 
situated  at  an  elevation  of  35  meters  above  No.  1,  and  both  In  a  longitudinal 
sense,  No.  2  being  found  at  10  meters'  elevation^ with  a  thickness  of  1.1  meters 
and  an  inclination  of  20°  west.  The  other  labors  are  prospects  for  investiga- 
tion, and  all  of  them  promise  a  large  quantity  of  coal." 

The  total  length  of  these  galleries  was  about  125  meters. 

According  to  the  notes  of  Mr.  Halvorsen,  the  Bilbao  mine  was  opened  in 
November,  1903,  by  Japanese  miners  under  the  supervision  of  Mr.  Gato,  also 
a  Japanese,  at  the  site  shown  on  Plate  X,  where  they  entered  only  one  seam  and 
made  three  different  adits.  It  should  be  said,  before  proceeding  further,  that 
previous  to  this.  In  1899,  some  Spaniards  started  In,  but  all  got  drunk  and 
were  discharged.  In  1903  camarlnes,  offices,  tramway,  and  a  small  plant  were 
all  erected  and  quite  a  prosperous  community  grew  up  in  this  quiet  recess  in 
the  Jungle.  They  had  removed  about  500  tons  of  coal,  transporting  It  In 
small  barges  at  high  tide  down  the  sluggish  Calanaga  River  ( hardly  deserving 
the  name),  when  Are  broke  out  and  so  completely  discouraged  the  company 
that  it  moved  across  to  the  eastern  side  of  the  bay  to  the  Chifladura  claim, 
where  work  was  begun  anew. 
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On  Plate  XI  are  shown  three  entries  in  the  coal  seams  which  outcrop  on 
the  hillside  Just  south  of  the  barrio  of  Batan.  Here  the  coal  is  exposed  in 
two  seams  with  a  parting  of  fire  clay  between,  as  follows. 

Feet, 

Carbonaceous   shale 0.4 

CJoal .9 

Gray  fire  clay .5 

CJoal 3.7 

Gray  shale  or  fire  clay  at  bottom. 

These  seams  dip  13**  in  a  direction  north  1"  west. 

In  general  appearance  this  coal  is  not  much  different  from  the  Calanaga  Bay 
coals.  It  has  a  conchoidal  fracture  and  portions  of  it  resemble  rather  closely 
cannel  coal.  The  beds  appear  to  be  less  disturbed  here  than  in  any  portion 
of  the  island.  The  natives  had  tunneled  in  about  60  feet  and  had  used  no 
timber. 

These  seams  are  found  outcropping  farther  around  the  hill  to  the  west,  where 
they  have  been  opened  up  for  a  few  feet. 

In  the  reddish-gray  shale  above  in  coal  beds  numerous  small  pelecypods, 
Tellinas,  Mactras,  etc.,  were  found. 

This  coal  shows  little  or  no  resin,  and  possesses  a  good  cleat  parallel  to  the 
face  of  the  seam.    Doubtless  it  could  be  easily  mined. 

PRESENT    METHODS   OF    MINING. 

The  small  large-scale  maps  and  plans  (Pis.  VIII,  IX,  X)  show  all  the  surface 
plants  and  plans  of  underground  workings  of  the  three  eastern  localities. 

The  method  of  working  was  very  primitive,  l)oth  at  the  Bilbao  mine  and  at 
the  Chifladura,  and  was  never  planned,  it  seems,  with  a  view  to  the  future. 
The  Japanese  miners  used  no  explosives  and  dislodged  the  coal  by  undercutting 
with  their  own  peculiar  hand  picks,  transporting  it  out  on  their  backs  up  the 
steep  incline  of  the  tunnel.  As  there  is  a  4-inch  clay  parting  about  midway 
in  the  seam,  they  would  first  work  out  the  coal  from  below  the  parting,  remove 
the  parting  and  leaving  it  in  the  mine,  and  then  cut  down  the  remainder  of  the 
coal  from  the  roof.  Mining  here  and  at  the  Chifladura  was  always  to  the  dip. 
This  necessitated  pumping,  and  when  the  writer  was  at  the  Chifladura  great 
inconvenience  was  experienced  through  lack  of  a  good  pump.  About  80  per 
cent  of  the  coal  was  removed  by  this  method  of  mining. 

Very  little  timber  was  used  save  In  the  main  tunnels,  and  when  it  commenced 
to  become  unsafe  the  whole  mine  was  abandoned  and  a  new  tunnel  started. 
On  our  last  visit  to  this  mine  all  the  timbering  had  given  way  and  a  desolate- 
ness  pervaded  the  whole  place,  which  had  been  so  thriving  not  two  years  before. 
Mine  timbering  in  the  Tropics  will  always  be  a  serious  proposition. 

When  the  work  was  resumed  at  the  Chifladura  in  October,  1904,  Mr.  Ikeda 
had  charge  of  the  work.  His  method  of  mining  is  about  the  same  as  that  of 
his  predecessor,  but  his  timbering,  we  believe,  much  better. 

COSTS   OF   MINING. 

The  following  figures  were  obtained  from  the  Japanet^;  contractor,  Mr.  Ikeda, 
and  not  from  the  company's  records.  The  work  was  piecework,  the  miners 
being  paid  60  cents,  Philippine  currency,  per  ton  if  explosives  were  used,  but 
40  cents,  Philippine  currency,  extra  if  not  used,  making  ?1  per  ton.  Below  is  a 
list  of  the  men  employed  and  their  remuneration : 


Num- 
ber. 


Class  of  labor.  Rate  of 

pay. 


Contractor per  month. 

Carpenter do. . . 

Blacksmith do. . . 

Foreman do... 

Miners per  ton. 

FiUpinos (outside  work) per  day. 

Laborer  aor  repalrlxiR) do.*.. 


noaoo 

90.00 
75.00 

oaoo 

LOO 
LOO 
L80 
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The  contractor  also  received  92J20  a  ton  for  all  the  coal  at  the  mine  mouth 
or  W.60  for  it  placed  on  the  dock.  The  timbering  was  paid  for  by  the  company. 
Taking  into  consideration  the  cost  of  the  tramway,  the  salaries  of  the  foreman, 
carpenter,  blacksmith,  clerk,  and  overseer  of  the  camarine  where  the  coal  is 
stored,  the  cost  of  the  camarine  (said  to  be  ^000),  building  of  a  dock  and 
other  buildings  of  the  plant,  Mr.  Ikeda  estimates  the  total  cost  per  ton  at  M, 
sometimes  as  high  as  K. 

The  company,  which  is  a  Spanish  organization  for  the  most  part,  is  said  to  l>e 
capitalized  at  ^1,000,000,  which  is  distributed  in  1,000  shares.  It  owns  one 
small  steamer  of  2,700  tons,  called  Minns  de  Batan,  which  transports  the  larger 
part  of  its  coal.  Other  boats,  like  the  launch  Evening  Star,  coal  here  regularly, 
or  did  before  the  mine  was  closed  down.  The  output  per  day  was  on  the  aver- 
age 22  tons,  work  being  done  in  two  ten-hour  shifts,  but  a  much  greater  out- 
put was  looked  for,  as  they  had  Just  opened  a  new  and  more  promising  entry. 
This  coal  sold  In  some  cases  at  W  (f.  o.  b.)  in  the  bay  of  Calanaga. 

At  present  freight  rates  from  Legaspi  to  Manila  are  $3  United  States  cur- 
rency per  ton,  proportionately  greater  than  those  charged  between  San  Fran- 
cisco and  Manila.  However,  these  exorbitant  rates  must  soon  be  reduced. 
Adding  this  rate  to  the  cost  per  ton  of  mining  under  improved  methods  on  a 
business-like  scale  the  coal  could  still  be  obtained  at  a  lower  figure  than  the 
lowest-priced  Japanese  coal,  which  is  quoted  at  Manila  in  1906  at  $6.43  gold. 
Australian  coal  is  somewhat  less,  being  $5.79.  These  figures,  which  were 
obtained  from  the  insular  purchasing  agent,  include  the  10  per  cent  for  expenses 
of  handling. 

Of  course  a  certain  quantity  of  high-grade  coal,  such  as  Pocahontas,  will  be 
needed  for  various  uses,  which  will  probably  have  to  be  imported  for  an  indefi- 
nite period. 

This  question  of  cost,  as  far  as  it  concerns  mining  operation  carried  on  by  the 
army  and  navy,  has  already  received  full  and  comprehensive  treatment  at  the 
hands  of  Lieutenant  Wigmore  in  his  report  to  the  adjutant-general,  a  few  words 
of  which  we  quote  here,  as  they  will  possess  a  general  interest  for  the  mining 
public.    He  says: 

**  With  a  modem  mining  and  coal-loading  plant  in  operation  at  this  station, 
coal  may  be  placed  on  board  ships  at  docks  (Batan  Island)  at  $2  per  ton.  (A 
liberal  estimate,  covering  all  costs,  which  it  is  believed  will  be  much  below  this 
figure.)" 

We  have  on  the  other  hand  some  exact  figures  taken  from  Mr.  Ohas.  B. 
Heurteau,  writing  in  Annales  des  Mines  (1904),  of  the  costs  of  mining,  etc.,  of 
Japanese  coal. 

"Coal  from  the  CJhikubo  Basin  (island  of  Kiuskiu),  put  on  board  at  Moji, 
costs  as  follows:  Mining,  $1.43;  transportation,  $0.48;  loading  from  bins  to 
ship,  $0.19;  total,  $2.10. 

******* 

**  A  man  will  mine  by  hand  2.3  tons  daily  in  a  seam  3  feet  and  11  inches  in 
thickness,  while  in  beds  5  feet  4  inches  thick  he  will  pick  2.6  tons.  The  price 
per  ton  varies  from  20  cents  to  25  cents,  according  to  the  bed  and  the  coal. 
Picking,  hauling,  loading,  and  timbering  are  included  in  this  price.  At  Miike, 
where  the  bed  is  large  and  no  timbering  is  done,  it  sometmes  falls  as  low  as  13 
cents.    ♦    ♦    ♦" 

From  this  it  Is  seen  that  a  4-foot  seam  can  be  profitably  worked  under  siimlar 
conditions  to  those  which  prevail  in  the  Philippines,  there  being  a  great  similar- 
ity in  the  structural  geology  of  the  two  countries ;  also  that  the  nearer  the  seam 
comes  to  6  feet  In  thickness  the  better.  And  we  may  add  that  in  general  beds 
much  over  6  feet  can  not  be  so  profitably  worked. 

EXPLORATOBT   WOBK  ON   MILFTABY  BE8EBVAT10N. 

On  the  military  reservation  of  the  island  little  real  mining  was  carried  on, 
merely  enough  to  get  out  quantities  suitable  for  steaming  tests.  The  work  was 
nearly  all  confined  to  prospecting  with  diamond  drills.  Two  drills  were  used, 
one  a  Bravo  hand-power  drill,  with  a  small  bit  giving  a  1-inch  core,  the  other  a 
Standard  diamond  drill  with  a  2-inch  core.  A  Davis  Calyx  drill  was  ordered, 
but  came  out  incomplete  and  could  not  be  used.  Twenty-three  borings  in  all 
were  made,  as  indicated  on  the  large  map,  in  the  vicinity  of  Liguan,  with  the 
results  already  discussed  in  pr'eceding  pages.  The  cost  of  drill  work  was  in- 
creased by  many  factors,  among  them  being  the  rugged  nature  of  the  country, 
lack  of  water,  the  impenetrable  forests,  and  the  necessity  of  depending  entirely 
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upon  carnbaos  for  tranBportation.  The  cost  per  foot  varied  between  $1  and  $5 
gold,  dep^iding  upon  distance  to  which  machinery  had  to  be  transported,  acci- 
dents in  casing,  loss  of  diamonds,  etc.  As  Lieutenant  Wlgmore  will  shortly  pub- 
lish some  figures  in  detail  with  reference  to  this  work  in  Batan  Island  in  one  of 
the  technical  journals  in  the  I'nited  States,  we  forego  any  further  discussion  of 
this  feature. 

Plate  XV  shows  a  plat  of  the  San  Francisco  mine,  the  most  extensive  bit  of 
underground  work  on  the  military  reservation. 

CLASSIFICATION   OF  BATAN   COALS. 

As  there  appears  to  be  no  little  confusion  and  ignorance  in  the  minds  of  many 
with  reference  to  the  proper  classification  of  our  Philippine  coals,  it  has  beei 
deemed  advisable  to  outline  the  differences  between  bituminous  and  lignite  coal 
and  then  to  place  our  coals  in  their  proper  category.  Because  the  coals  are 
found  in  Tertiary  strata  is  no  reason  for  calling  them  lignites  any  more  than  it 
is  scientific  to  class  all  crystalline  schists  as  pre-Cambrian.  It  is  true,  however, 
that  a  coal  as  young  as  the  Tertiary  is  more  liable  to  be  llgnitic  than  bitominoiis 
or  anthracitic. 

Many  divers  criteria  have  been  laid  down  for  the  distinction,  but  there  seem 
to  be  three  which  are,  according  to  Mr.  Collier,  of  the  United  States  Geological 
Survey,  to  be  taken  as  most  reliable.  It  may  be  said  here  that  this  same  ques- 
tion came  up  in  connection  with  Alaskan  coals,  and  Mr.  Collier  and  Doctor 
Hayes  gave  it  considerable  attention  in  Bulletin  218,  United  States  Geological 
Survey,  **  On  the  Coal  Resources  of  the  Yukon,  Alaska.'* 

First  is  the  fuel  ratio;  second,  content  of  water;  and  third,  physical  charac- 
ter of  the  coal,  woody  structure  or  otherwise.  The  fuel  ratio  ia  obtained  bj 
dividing  the  percentage  of  fixed  carbon  by  that  of  volatile  matter.  If  the  quo- 
tient be  more  than  1,  according  to  the  above  authority,  the  coal  should  be 
classed  as  bituminous;  if  less  than  1,  as  lignite.  Practically  this  is  the  most 
important  criterion,  but  logically  the  possession  of  woody  structure  is  the  most 
important,  for  that  is  wliat  was  in  the  mind  of  the  man  who  first  used  the 
term  "  lignite ;  "  the  term  means  "  woody."  It  would  seem  that  some  one  had 
strayed  from  the  original  premise.  Still  the  other  distinctions  have  grown  up 
and  so  demand  attention. 

The  second  criterion  is  the  water  content.  If  the  coal  contains  over  10  per 
c«it,  they  say  it  is  a  lignite;  but  what  has  this  to  do  with  the  term  lignite? 
Still  another  criterion  is  the  percentage  of  fixed  cari>on  and  that  of  volatile  mat- 
ter. According  to  Kemp,  when  the  percentage  of  volatile  matter  is  ov«*  50, 
the  coal  is  a  lignite. 

Gruner*s  classification,  based  on  the  ultimate  analysis  of  the  coal  and  the 

ratio  of  ^^^,  is  also  important,  but  owing  to  the  analysis  not  being  completed 

H 
we  shall  have  to  forego  consideration  of  it  at  this  time. 

To  further  simplify  matters,  Mr.  Collier  has  made  use  of  what  he  calls  the 
lignite  ratio,  which  is  the  quotient  obtained  by  dividing  the  water  content  by 
the  fuel  ratio.  When  this  is  less  than  10,  the  coal  is  to  be  classed  In  the  bitu- 
minous series;  if  more  than  10,  with  the  lignites.  By  inspection  of  Table  III 
we  can  quickly  classify  our  various  coals.  It  will  be  seen  that  the  analjrses 
following  No.  26  all  correspond  to  those  of  true  lignites,  but  as  many  of  these 
are  of  coals  from  outcrops  and  prospect  tunnels  not  over  50  feet  in  from  the  sur- 
face they  will  necessarily  be  less  reliable  than  those  of  samples  from  the  same 
seam  if  they  could  be  taken  from  points  more  deeply  buried.  Numbers  1,  2,  3, 
4,  5,  7,  8,  9,  10,  11,  12,  13,  14,  15,  16,  18,  19,  20,  21,  25,  and  26  in  Lieutenant  Wig- 
more's  series  are  all  to  be  classed  as  bituminous  coals,  according  to  every  cri- 
terion. The  Bilbao  coal,  No.  6-55  In  the  table,  must,  in  all  probability,  be 
classed  as  a  true  lignite.  Samples  from  the  Chifiadura  mine  differ  very  little 
from  those  of  the  Bilbao  coal,  as  they  would  be  expected  to  do,  being  from  the 
same  seams  in  all  likelihood. 

The  third  criterion  can  be  easily  applied,  and  we  liave  examined  in  this  con- 
nection thin  sections  of  both  the  Bataan  and  the  Liguan  coals.  The  former  does 
show  in  the  upper  and  exposed  beds  a  woody  structure,  but  the  Lignan  coals 
do  not — ^no  trace  of  it. 

VALUE  OF  BATAAN  COALS. 

Table  II  has  been  compiled  with  a  view  to  giving  an  idea  of  how  these 
coals  compare  in  analysis  and  calorific  power  with  other  Philippine  coals  and 


MINERAL.  RFSOURCES,    MINES,   AND   MINING.  409 

many  representative  and  well-known  foreign  coals  that  are  being  sold  in  tlie 
Manila  market. 

It  is  clearly  seen  that  there  is  coal  od  Bataan  Island,  and  in  many  places  in 
the  islands,  which  compares  most  favorably  with  many  coals  which  are  used 
for  steaming  at  sea  and  on  land.  In  fact,  the  coal  used  by  the  engines  that 
draw  the  Southern  Pacific  trains  over  the  Sierra  Nevada  Mountains  is  not 
superior  in  any  respect  to  our  best  Bataan  coal.  This  statement  the  writer 
feels  fully  Justified  in  making  from  comparison  of  the  analyses  and  the  hand 
specimens,  both  of  which  are  on  his  desk  at  the  time  of  writing.  In  fact,  Mr. 
Burt,  ex-president  of  the  I^nion  Pacific  Railroad,  when  shown  samples  of  the 
two,  said  that  the  Bataan  coals  appear  equally  as  good  as  their  "  U.  P.  No.  1.*' 
And  not  only  do  the  Bataan  coals  compare  so  favorably,  but  so  do  samples 
from  Cebu  and  from  the  island  of  Polillo,  whose  analysis  and  calorific  power 
are  included  in  the  table. 

It  is  seen  from  Table  III  that  none  of  the  Bataan  Island  coals  have  yielded 
a  coka  This  is  of  course  a  serious  objection  when  it  comes  to  finding  a  coal 
here  suitable  for  blast-furnace  work.  Still  a  coking  coal  may  yet  be  dis- 
covered in  this  vicinity,  as  this  coal  shows  incipient  coking.  Indeed,  Mr.  H.  D. 
McCaskey,  chief  of  this  bureau,  tells  me  he  obtained  a  very  fair  coke  from 
samples  supposed  to  be  of  this  coal,  when  experimenting  about  four  years  ago. 

Of  the  quantity  there  can  be  no  question.  The  tonnage  per  foot  of  thickness 
per  acre  for  bituminous  coal  is  generally  estimated  at  1,500,  and  as  there  are 
several  square  miles  of  surface  on  Bataan  Island,  to  say  nothing  of  the  other 
localities  underlain  in  all  probability  by  coal  seams,  3  and  4  feet  thick  at  least. 
It  does  not  take  very  much  figuring  to  settle  this  point. 

For  the  benefit  of  the  general  public  and  the  mechanical  engineer  especially, 
to  both  of  whom  the  following  may  not  be  accessible,  we  insert  coal-efllciency 
reports  furnished  through  the  courtesy  of  the  military  secretary.  These  are 
reports  from  the  chief  engineers,  respectively,  of  the  U.  S.  O.  T.  Chukong,  U.  S. 
A.  T.  Sacramento,  and  the  U.  S.  C.  T.  Palawan. 

COAL    EFFICIENCY    REPORTS. 

(War  Department,  army-transport  service.     U.  S.  A.  T.  Chukong;  date  of  coaling.  May  21, 

1904.) 

1.  Trade  name  of  coal :  Batan. 

2.  Where  received:  Manila. 

3.  From  whom  procured :  Quartermaster  Department. 

4.  Price  per  ton:   (Not  given.) 

5.  General  appearance  as  to  lump,  slack,  and  Impurities,  and  percentage  of 
lump :  Fairly  lumpy,  50  per  cent. 

6.  How  long  stored  at  place  where  procured :  Do  not  know. 

7.  From  under  cover  or  not :  Do  not  know. 

8.  Was  the  coal  dry,  damp,  or  wet  when  stowed  ?    Do  not  know. 

9.  length  of  trial  reported  on :  Sixty  hours. 

10.  Condition  of  boilers  in  use :  Good. 

11.  Tried  with  forced  or  natural  draft :  Natural  draft. 

12.  Was  the  draft  good,  fair,  or  poor?    Good. 

13.  Area  of  grate  surface  in  use:  33  square  feet. 

14.  Per  cent  of  refuse  (weighed  dry)  :  5.24  per  cent. 

15.  Were  the  clinkers  large  in  size  or  quantity?    Quantity. 

16.  Was  the  work  at  the  fires  excessive  on  account  of  their  being  dirty?    Xo. 

17.  Was  the  soot  formed  excessive  in  quantity?    No. 

18.  How  often  necessary  to  sweep  tubes?    Once  in  sixty  hours. 

19.  Is  this  coal  suited  for  forced  draft?    Yes. 

20.  Any  undue  heating  of  smokepipes  or  uptakes?    No. 

21.  Was  the  smoke  dense,  or  dark  In  color,  or  easily  dissipated?  Easily 
dissipated. 

22.  Pounds  of  coal  consumed  per  hour :  580. 

23.  Knots  made  per  ton  of  coal  consumed  for  all  purposes:  83  knots. 

24.  Average  indicated  horsepower  of  main  engines :  200. 

25.  Estimated  horsepower  auxiliaries  in  use:  10. 

26.  Pounds  of  coal  consumed  per  horsepower  (total  main  and  auxiliary)  per 
hour:  1.45  pounds. 

27.  Revolutions  of  main  engines  per  minute :  200. 

28.  Average  si)eed  in  knots  per  hour :  8^  knots. 
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29.  How  loDg  ship  out  of  dock?    Nine  and  one-half  montha 

30.  CJonditlon  of  ship's  bottom :  Fairly  dirty. 

31.  Estimated  effect  in  knots  per  hour  of  wind,  sea,  and  sails  upon  speed: 
Increased knots,  decreased knots. 

Remabes. — Excellent.  I  can  recommend  this  coal  to  the  following  extent: 
As  being  a  first-class  steaming  coal,  and  with  a  small  percentage  of  ash:  also 
only  haying  to  clean  fires  once  every  eight  hours. 

Sidney  S.  Mills, 
Chief  Engineer  Transport. 

(Report  from  Chief  Engineer  Dickinson,  of  the  Bacramento.) 

First.  With  reference  to  Japanese  coal: 

(a)  Weight  of  coal  used  in  getting  up  steam  to  the  usual  steaming  pressure; 
for  example,  110  pounds  from  cold  water :  640  pounds. 

(&)  Time  of  getting  up  steam  as  above:  Eight  hours. 

(c)  Weight  of  ash  from  coal  burned  as  above:  134.5  pounds. 

id)  Weight  of  coal  burned  in  six  hours  steady  steaming  under  the  usual 
steaming  pressure ;  for  example,  110  pounds :  4,236§  pounds. 

(e)  Weight  of  ash  from  coal  so  burned:  889.56  pounds. 

Second.  With  reference  to  Batan  coal : 

(a)  Weight  of  coal  used  in  getting  up  steam  to  the  usual  steaming  pressore; 
for  example,  110  pounds  from  cold  water:  530  pounds. 

(&)  Time  of  getting  up  steam  as  above:  Seven  and  five-tenths  hours. 

(c)  Weight  of  ash  from  coal  burned  as  above:  31.8  pounds. 

{d)  Weight  of  coal  burned  in  six  hours  steady  steaming  under  the  usual 
steaming  pressure;  for  example,  110  pounds:  3,570  pounds. 

(e)  Weight  of  ash  from  coal  so  burned:  676  pounds. 

Third:  (a)  Horsepower  and  number  of  boilers  and  grate  area  of  same: 
Boilers,  2 ;  indicated  horsepower,  212.48 ;  45  square  feet 

(6)  Relative  quantity  of  soot  given  off  by  the  two  coals:  Japanese,  10  per 
cent;  new  coal,  2  per  cent 

(c)  Relative  amount  of  smoke  and  colors  of  same:  Very  little  smoke,  and 
very  light 

(d)  Whether  clinkers  are  found  in -Batan  coal;  and  if  so,  relative  amount  of 
same:  None. 

(e)  Does  Batan  coal  necessitate  more  or  less  frequent  cleaning  of  tubes  than 
Japanese  coal?    Less. 

(/)  What  kind  of  firing  gives  the  best  results — light  and  frequent,  or  in  large 
quantities  at  long  intervals?    Just  average  fires;  say,  4-inch  fire. 

The  Batan  coal  Is  far  superior  to  the  Japanese  coal  in  every  respect.    On  a 
trial  of  sixteen  hours  there  was  no  soot  to  speak  of,  and  it  gives  fine  heat  and 
there  are  no  clinkers  at  all.    It  bums  well ;  the  ash  and  refuse  are  very  light 
It  is  by  far  the  best  coal  I  have  used  in  the  Philippines.    It  Is  excellent. 
Respectfully  submitted. 

J.  P.  Dickinson, 
Chief  Engineer  Sacramento, 

[Report  from  Chief  Engineer  Beach,  of  the  Palawan.] 

Weight  of  coal  used  In  getting  up  steam  to  the  usual  steaming  pressure  from 
cold  water :  We  were  under  steam  pressure  all  the  time  we  had  Batan  coal  on 
board. 

Weight  of  Batan  coal  burned  In  sixteen  hours  steady  steaming  was  12,800 
pounds.    We  carried  110  pounds  pressure  and  steamed  8.5  knots  per  hour. 

Weight  of  ashes  and  clinkers  from  the  above  Batan  coal  burned  in  sixteen 
hours  was  1,554  pounds. 

Weight  of  coal  (Japanese  or  Australian)  burned  In  sixteen  hours  steady 
steaming  was  9,200  pounds. 

Steam  pressure  carried  was  110  pounds ;  knots  steamed  per  hour,  8.5. 

Weight  of  ashes  and  clinkers  of  the  above  coal  was  1,870  pounds. 

The  horsepower  of  boiler  is  about  550;  grate  area,  55.5  feet;  number  of 
boilers,  1. 

Soot  from  the  Batan  coal  is  lighter  in  color  and  only  one-third  as  much  as 
that  from  coal  we  have  been  using. 

The  smoke  is  of  a  light  brown,  not  so  dense  as  the  coal  we  have  been  using. 

There  are  no  clinkers  formed  in  the  Batan  coaL 
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The  boiler  tubes  will  run  much  longer  than  with  the  coal  we  have  been  using. 

I  found  that  firing  heavy  and  at  long  intervals  was  the  best 

Total  Batan  coal  used,  62,980  pounds ;  52,200  was  used  while  steaming,  10,780 
was  used  in  banked  fires. 

Total  amount  of  ashes  was  7,017  pounds,  or  11  per  cent. 

Total  time  under  way  with  Batan  coal,  sixty  hours  and  seventeen  minutes. 

One  item  in  particular  should  be  noted,  namely,  the  proportionate  amounts 
of  Batan  and  Japanese  coal  required  in  given  number  of  hours  steaming.  Chief 
Engineer  Beach,  of  the  Palawan,  estimates  that  in  sixteen  hours  steady  steam- 
ing, 12,800  pounds  of  Batan  coal  were  used  against  only  9,200  pounds  of  Jap- 
anese or  Australian  coaL  We  suspect  that  this  latter  coal  was  Australian  and 
not  Japanese,  for  Chief  Engineer  Dickinson,  of  the  Sacramento,  reports  in  a 
six-hour  steady  steaming  test  he  used  4,236§  pounds  of  Japanese  coal  against 
only  3,570  pounds  of  Batan  coal  required. 

To  be  obliged  to  carry  nearly  a  third  (28.8  per  cent)  more  coal  in  the  ship's 
bunkers  for  a  given  number  of  hours  steaming  than  required  by  another  coal, 
of  course^  is  an  immensely  important  item. 

The  reason  for  the  greater  consumption  of  Batan  coal  in  the  same  number 
of  hours  of  steaming  over  that  of  Japanese  coal  must  be  looked  for  in  the  differ- 
ence in  water  content  of  the  two  coala  Theoretically  the  Batan  coals  have  a 
higher  percentage  of  fuel  value,  as  seen  by  taking  the  sums  of  the  fixed  carbon 
and  volatile  matter  in  each  case  and  comparing  them.  We  are  comparing  now 
the  Batan  coals  with  Japanese  coals  sold  In  Manila,  not  with  the  best  Japanese 
coals,  which  do  not  come  here. 

This  fact  gives  us  some  encouragement,  for  the  Batan  coals  hitherto  have 
come  from  the  surface  or  very  close  to  it,  while  the  Japanese  coals  are  mined 
from  considerable  depths,  where  we  should  exi)ect  the  coals  to  possess  little 
water. 

On  the  other  hand,  it  should  be  noted  in  favor  of  the  Batan  coal  that  it  leaves 
very  little  ashes  and  clinkers  as  compared  with  Japanese  and  Australian  coals. 

Now  comes  the  question,  Can  the  coal  be  mined  economically?  This  is  the 
crux  of  the  matter.  In  the  writer's  unbiased  opinion,  unless  further  drilling 
and  tunneling  show  the  coal  seams  to  be  more  uniform  and  continuous,  there 
will  be  no  little  dlflBculty  in  mining.  However,  every  other  feature  of  Batan 
Island  is  favorable  and  the  coal-bearing  strata  are  in  general  continuous  over 
the  larger  part  of  the  island. 

To  show  that  coal  seams  thinner  than  the  Llguan  seams  possessing  numerous 
faults  and  inferior  analyses  can  be  worked  profitably,  we  can  find  numerous 
examples  in  Japan.    From  "  Outlines  of  Geology  of  Japan  ""  we  quote : 

"The  coals  seams  (province  of  Hizen)  are  generally  thin  (7  and  3  feet),  but 
they  are  profitably  worked  in  numerous  places  on  account  of  their  good  quality 
and  the  convenience  of  transportation." 

Analysis  of  a  Hizen  coal  is  as  follows : 

Per  cent. 

Moisture 0.98 

Fixed  carbon 53.42 

Volatile  combustible 39.08 

Ash 6.53 

Sulphur .  65 

Specific  gravity 1. 27 

In  the  Ishikari  field  faults  are  frequent. 

Still  the  field  of  Batan  has  not  been  as  systematically  prospected  with  drills 
by  any  means  as  it  should  be,  and  the  writer  can  unhesitatingly  say  that  it  Is 
worthy  of  further  exploration  under  the  personal  and  constant  direction  of  an 
especially  trained  engineer  experienced  in  coal-field  work.  Such  an  engineer, 
then,  would  take  over  the  work  of  management  of  the  mines  and  work  to  a 
greater  advantage  than  if  he  had  no  part  in  the  exploratory  work  that  had 
gone  before.  And  it  is  believed  this  is  the  idea  that  Lieutenant  Wigmore 
himself  entertaina  A  word  here  should  be  said  in  commendation  of  the  work 
carried  on  by  Lieutenant  Wigmore,  a  work  the  first  of  its  kind  in  the  Philippine 
Archipelago.  Though  trained  as  an  army  ofiicer  he  has  shown  an  unusual  under- 
standing of  the  importance  of  scientific  geological  work  in  connection  with 
mining.  The  work  he  did  has  proved  Immensely  valuable  In  spite  of  the  many 
obstacles  which  he  had  to  face. 

<» "  Outlines  of  Geology  of  Japan,"  p.  204.  Geological  Survey  of  Japan,  1902, 
Tokyo. 
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One  of  the  greatest  needs  for  future  exploratory  work  is  at  least  one  np-to- 
date  diamond  drill  capable  of  penetrating  at  least  2,000  feet  of  strata,  for  besides 
being  able  to  trace  the  deeper  seams  on  the  northern  side  of  the  island,  mi:ch 
very  valuable  Information  would  be  at  the  disposal  of  the  stratigrapher  which 
would  not  api>ear  at  first  sight  imrticularly  vital  to  the  layman.  The  impor- 
tance of  accurate  geological  facts  which  the  geologist  ought  to  have  at  his  com- 
mand is  absolutely  necessary  to  modem  mining  woric.  The  day  of  nuggets  and 
the  ignorant  prospector  is  past,  and  many  of  the  largest  fortunes  are  l>eing 
made  from  the  working  of  low-grade  deposits  scientifically  treated  according  to 
the  principles  of  chemistry  and  physics,  which  are  the  principles  of  geology. 


Whether  there  will  ever  be  any  appreciable  exportation  of  coal  from  the 
Philippine  Archipelago  is  on  open  question,  but  that  most  of  the  coal  used  in 
the  islands  themselves  will  eventually  come  from  one  or  all  of  the  three  fields — 
Batan,  Polillo,  and  Cebu — seems  quite  probable. 

With  reference  to  the  outside  market  we  might  very  well  give  here  some  facts 
which  will  show  at  least  the  i)ossibiIities  in  this  direction. 

The  apparent  possible  outside  markets  are  Shanghai,  Hongkong,  and  Sing- 
apore. 

Hongkong  Imports  800,000  tons  of  Japanese  coal,  all  from  Moji,  Kiusiu;  pay- 
ing for  lump  coal  7.75  to  8.50  and  for  run  of  mine  6  to  7  Hongkong  dollars  ($0.47 
gold).  The  freight  rate  from  Moji  to  Hongkong  is  1.70,  Hongkong  currency 
(10.799). 

Hongkong  also  imports  Australian  coal,  but  unfortunately  we  have  not  the 
figures  at  hand.    For  this  coal  is  paid  4.85  to  5.30,  Hongkong  currency. 

Singapore  imports  in  round  numbers: 


Class  of  coaL 


Number 
of  tons. 


Costa 


Japanese 

Australian 

Indian  (Calcutta^ 

Borneo 

Cardiff 


400,000 
36,000 

106,000 
7,000 
43,968 


8. 76  to  9. 00 
7.50? 
7.76 

8. 00  to  8. 50 
12.00? 


Ex  wharf,  ft 


ILOOtolLaO 

laso 

9.00 

la  00  tola  75 

16.00 


a  straits  currency  ^  Cost,  insurance,  and  freight. 

The  above  figures  are  from  a  recent  letter  from  Lieut.  H.  L.  Wigmore. 

With  reference  to  the  Indian  coal,  the  chief  engineer  of  the  China  (Pacific 
Mail  Steamship  Company)  and  the  engineer  of  the  America  Maru  both  have 
called  it  a  very  dirty  and  unsatisfactory  coal. 

For  the  year  1903  the  summary  of  imjwrts**  into  the  Philippine  Islands  is 
as  follows: 


Purchaser. 


United  States  Array  (fiscal  year) 

United  States  Navv  (calendar  year). 
Civil  Government  (fiscal  year) 


Total  Oovemment. 
All  others 


Orand  total. 


Tonnage. 

Value. 

141,490 
61,131 
32,626 

$702,682 
432,924 

236,247 

157,801 

472,891 

393,048 

Source  and  tonnage, 

Japan 159,257 

Australia 161,074 

United  States 72, 156 


Total 392, 487 

All  others 561 

Grand  total 393,048 


«  These  figures  are  from  Mr.  O.  Halvorson. 
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Another  feature  connected  with  mining  in  the  Philippines  is  very  Important — 
that  is,  the  question  of  labor.  So  far,  the  Igorot  are  the  only  natives  found  fit 
for  mining  work  of  any  kind,  and  for  some  time  to  come  it  is  believed  that  Jap- 
anese will  have  to  be  employed  for  the  best  results  in  coal  mining.  The  Bicols 
of  Albay  Province  as  a  rule  show,  a  great  aversion  to  going  underground,  which, 
however  might  be  in  time  dispelled.  Another  characteristic  of  the  native  is 
his  disinclination  to  work  when  he  has  a  little  money  ahead.  With  a  few 
pesos  ahead  he  will  usually  leave  bis  work  for  the  nearest  cockpit  or  wedding, 
and  when  he  has  spent  it  all  he  will  come  back.  This  is  a  trait  inherent  in 
his  nature  and  is  not  entirely  his  own  fault.  The  only  way  for  the  mine  man- 
ager to  offset  this  *' costumbre ''  is  to  keep  on  hand  about  a  third  more  men 
than  he  daily  employs,  for  a  reserve  force. 

But,  in  all  fairness  to  the  native  and  the  whole  labor  problem  of  the  islands, 
we  should  state  a  few  facts  that  afford  a  ray  of  hope.  Mr.  Lehlbach,  who  has 
employed  a  number  of  Igorots  in  Benguet  in  mining  work,  has  expressed  himself 
as  well  pleased  with  them.  He  also  uses  Japanese  labor,  which  may  account 
for  his  success  with  them.  Vlsayans  have  proved  fairly  satisfactory  in  coal- 
mining work  in  Cebu.  Mr.  Graves,  superintendent  of  electric  lighting,  city  of 
Manila,  has  told  the  writer  that  he  had  been  greatly  surprised  to  find  how  good 
a  workman  the  native  made  when  put  under  competent  and  kind  American 
bosses. 

It  Is  clear  that  we  can  not  settle  this  question  by  one  or  two  examples.  As  is 
the  case  the  whole  world  over,  a  great  deal,  nearly  all,  depends  upon  local  con- 
ditions, the  men  in  charge,  and  the  wages  paid. 

For  more  Information  on  this  subject  and  wage  scales,  see  Census  of  the  Phil- 
ippine Islands,  1903,  Volume  IV. 

In  conclusion,  the  writer  would  express  himself  as  greatly  hopeful  for  the 
future  coal  industry  of  the  islands.  He  sees  many  difficulties  ahead  for  the 
operators,  but  none  that  can  not  be  surmounted  as  they  have  been  surmounted 
in  Japan.  With  a  great  mining  industry,  and  particularly  in  the  black  com- 
bustible, the  dreams  of  centuries  will  be  realized  and  Manila  will  truly  become 
the  trade  and  strategic  center  of  the  Far  East. 

Before  concluding,  however,  a  few  words  should  be  said  relative  to  explora- 
tion. For  the  present,  a  brief  statement  as  to  where  a  diamond  drill  can  be 
of  the  greatest  service  must  suffice.  First,  a  boring  should  be  made  in  the 
valley  of  the  Moncao  River  at  the  point  lowest  In  the  topography  in  order  to 
pick  up  the  coal  seams  in  their  northward  extension;  second,  one  or  two  deep 
holes  should  be  put  down  in  the  vicinity  of  the  government  post  to  obtain  infor- 
mation as  to  the  depth  of  the  ign^us  basement;  third,  a  drill  should  be  set  up 
in  the  valley  of  the  Calanaga  River  at  the  lowest  point  in  its  topography  in 
order  to  locate  the  lower  horizons  of  the  coal  measures;  and  last,  the  San 
Francisco  tunnel,  the  Urgera  tunnel,  and  some  new  ones  as  well,  should  be  ex- 
tended to  find  out  if  the  coal  seams  resume  their  normal  condition  and  position. 

To  prospective  investors  of  capital  in  coal-mining  work  it  may  be  proper  to 
suggest  that  whatever  work  is  attempted  should  not  be  projected  on  too  great 
a  scale  and  without  thorough  calculations  as  to  costs  and  market  first,  or  with 
too  overfiowing  enthusiasm,  as  these  were  the  causes  of  most  of  the  Spanish 
failures.  Further,  the  Polillo  and  C?ebu  fields  should  be  looked  over  carefully 
l)efore  deciding  on  investment. 

Preliminary  Notes  on  the  Paleontology  of  Batan  Island. 

During  the  progress  of  the  economic  work  on  Batan  Island  collections,  neces- 
sarily limited,  of  the  fossil  fauna  and  flora  were  made,  as  well  as  a  fairly  com- 
plete representation  of  the  living  mollusca  along  the  coast.  The  investigation 
upon  these  collections  has  been  impeded  by  the  writer*s  being  absent  from  the 
office  on  field  work  part  of  the  time  since,  and  also  through  lack  of  reference 
literature. 

But  at  this  time  it  is  possible  to  state  a  few  facts  which  will  throw  some 
light  on  the  stratigraphy  and  age  of  the  sedimentarles  of  Batan. 

First,  the  limestones  are  coralline  from  the  lowest  to  th§  highest  formation, 
and  the  forms,  imperfect  as  they  all  are,  are  seen  to  be  almost  id^itical  with 
living  species. 

Species  of  the  Paritidw,  Aatreidw,  Fungidce,  and  MadrepoHdw  are  the  most 
common. 

The  fossil  reefs  are  fringed  with  living  reefs.  Only  the  outer  part  of  the 
present  reef  is  living. 
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As  a  rule,  the  presence  of  coral  in  the  limestone  is  only  brought  oat  by 
weathering. 

In  the  blnish-gray  limestone,  about  1  mile  up  the  Caracaran  River,  are  many 
foraminiferal  remains,  of  which  the  tests  of  Operculina  complanata  and  what 
strongly  resembles  Cellepora  formoaensis  are  the  most  abundant,  Plate  XX,  a 
and  h,  shows  sections  in  various  directions  through  these. 

Almost  these  identical  forms  have  beai  described  by  Messrs.  Newton  and 
Holland  from  the  ** raised  coral  reefs"  of  Tokunoshima  and  Okinoyerabu  on 
Riu-Kiu.    These  are  considered  by  them  indicative  of  the  post-Pliocene. 

The  writer  has  recently  examined  some  sections  of  limestone  from  Baguio, 
submited  to  him  by  his  colleague,  Mr.  A.  J.  Eveland.  In  these  are  found  sections 
of  Operculina  complanata,  Polystomella  crispaf,  and  Tewtularia  meyerianat. 

These  forms  from  Batan  Island  are  not  so  large  as  those  from  Riu-Kiu,  being 
on  the  average  1  millimeter  in  diameter,  while  some  of  those  from  Riu-Kiu 
attain  a  diameter  of  fully  an  inch. 

There  are  also  some  sections  of  Polystomella,  not  unlike  P.  crispa,  from  the 
Pliocene  at  Sienna,  Italy. 

Again,  on  the  east  shore  of  Gaba  Bay,  near  the  entrance,  the  shale  was  found 
to  be  very  abundant,  in  certain  forms  more  like  AmphUtegma  than  any  otb^ 
genus. 

With  the  foraminifera  occur  species  of  Conus,  Tellina,  Dosinia,  etc. 

The  shales  of  the  coal  measures  on  the  Perseverancia  claim  between  Dapdap 
and  Batan  are  very  rich  in  appar^itly  one  species  of  Tellina,  15  millimeters  long, 
and  very  triangular  in  shape.  This  form,  with  others,  will  be  figured  and 
described  in  a  future  paper  devoted  purely  to  paleontology. 

An  Area  very  similar  to  Area  diluHi  I^m.  is  also  very  common  in  many  of 
the  shales.  In  fact.  Areas  are  the  commonest  forms  both  as  fossils  and  on  the 
coasts  to-day.  The  living  Area,  however,  is  much  larger  than  the  fossil  forms. 
Of  the  plant  remains,  only  one  or  two  have  been  identified  so  far,  both  leaf 
impressiona 

One  is  a  species  of  Laurophyllum,  very  like  L.  angustifolium  Newb.  from  the 
Amboy  clays  of  New  Jersey.  It  is  roughly  5i  inches  long  by  If  inches  across 
the  widest  portion  of  the  leaf.  Still  another,  about  3  inches  long,  resembles 
very  closely  some  species  of  Hymenea  and  some  that  are  Magnolias, 

It  is  expected  that  when  all  these  forms  are  studied  in  connection  with  the 
present  flora  of  the  Philippines  some  interesting  results  will  be  obtained. 

The  above  forms  came  from  shale  beds  at  the  head  of  Caracaran  River.  The 
deposits  are  estuarine. 

With  this  brief  statement  we  shall  leave  this  subject  until  time  and  oppor- 
tunity allow  us  to  carry  on  the  investigation  along  the  lines  laid  down  by 
Mr.  Becker,  that  the  fauna  of  each  horizon  be  studied  in  connection  with  the 
living  fauna. 

It  seems  pretty  clear  that  we  have  the  Miocene  well  developed  and  also  the 
Pliocene,  but  it  is  not  altogether  certain  that  the  coal  measures  are  Eocene, 
for  they  might  very  well  be  later.  As  Mr.  Becker  states,  sharp  lines  are  diffi- 
cult to  trace  in  the  tropical  Tertiary,  and  it  is  the  writer's  opinion  that  it  will 
be  shown  in  time  tliat  in  certain  localities  In  the  Tropics,  principally  near  sea 
level,  Tertiary  conditions,  Tertiary  fauna  and  flora  may  be  still  existing. 
Further,  the  Tertiary  as  a  whole,  and  its  different  stages  as  well,  must  have 
been  of  Immensely  longer  duration  in  the  tropical  zone  than  in  boreal  regions. 
We  believe  that  Huxley  was  nearer  right  than  he  is  given  credit  for  being  in 
his  criticism  of  the  use  of  the  word  "  contemporaneous."  A  recent  article  «  in 
a  bulletin  of  the  Geological  Society  of  America,  by  Prof.  G.  F.  Williams,  is 
Interesting,  as  it  bears  upon  Just  this  point. 


'G.  1\  Williams,  Bull.  (Jeol.  Soc.  of  Am.,  vol.  16,  pp.  137-160,  March,  1905. 
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Month. 


1903. 

May 

June 

July 

August 

September 

October 

November 

December 

1904. 

January 

February 

March 

April 

Total 


Temperature. 

1 

Rainfitll. 

MAXiTniitn. 

Minimum. 

Average. 

Milli- 
meters.    1 

Rainy 
days. 

32.6 

22.8 

27.7 

81.4  1 

15 

36.2 

23.5 

29.8 

99      > 

6 

35 

21.5 

28.2 

194 

25 

35.8 

21.9  , 

28.8 

80.3 

9 

35 

31.8  ' 

33.4 

1213 

19 

34 

21.4 

27.7 

261.4  ; 

17 

33,9 

20.5 

27.2 

442.8 

22 

(«) 

(°) 

(«) 

(°)     ! 

(«) 

3a9 

21.5 

25.6 

799.3  j 

27 

31.1 

17 

24.8 

544.9  1 

18 

30.9 

23.1 

26.7 

126.3  1 

9 

30.9 

23.8 

26.9 

168.8  I 

21 

62.222,6 

*  Or  87.5  inches. 
Table  II. — Analyses  of  Philippine  and  foreign  coals. 


LooaUty. 

Age. 

Mois- 
ture. 

Fixed 
car- 

bon- 

Volar 
tile 
com- 
busti- 
ble. 

38.66 

41.56 

4a  36 

42.84 

4a  29 

34.53 

37.56 

43.5 

41.70 

39.20 

42.15 

31.22 

33.27 

22.19 

21 

31.60 

40.02 

47.15 

25.75 

41.47 

29.79 

Sul- 
phur. 

Ash. 

grav- 
ity. 

Calo- 
rific. 

Cost  in 
Manila. 

L4gnan,  Batan  Island 

Do 

Do.... 

Tertiary 

do 

.  .do 

5.62 
9.53 
6.08 
12.18 
5.82 
9.60 
7.80 
4.7 
2.18 
1.64 
.70 
1.19 

L88 
.90 
1 

2.90 
f  1.39 
J14.44 
.86 
1.89 
19.82 
(  6.04 
\12.8 
/1.37 
\3.54 
11 
7 

1.32 
6.54 
15.45 
2.63 

54.42 
44.86 
51.24 
37.96 
52.40 
54.56 
51.96 

5ai 

42.60 
53.10 
48.86 
56.86 

54.67 

70.99 

74.39 

50.60 

55.55 

33.77 

66.51 

48.46 

60.01 

35.57 

47.7 

68.18 

5a  60 

53 

47.30 

55.86 

52.41 

34.95 

56.67 

a  14 
2.37 

.40 
1.97 

.66 

"'.2&" 
2.60 
.218 
3.34 

.78 
.32 
.58 
.54 
2.96 

'i.*9i"' 

L28 
4.05 
2.32 
7.02 
L40 
L31 
2.68 
L7 

13.70 
4.20 
3.30 

ia73 

9.4 
6.6 
3.03 

14.9 
3.04 
4.64 
6.88 
8.18 
2.20 

16.02 
3.6 

13.02 

14.93 
3.6 
2.60 
3.50 
5.95 
8.05 
8.55 

1.35 
L30 
1.30 
1.37 
L58 
1.31 

06,983 
06,487 

Bilbao,  Batan  Island 

do 

Liguan,  Batan  Island 

Cebu,  Caridad  Oal 

Cebu.  Esperanza  Gal 

do 

do 

do 

do 

7,012 

7,461 

o6,897 

7,788 

Kisnima.  Japan 

Yubarrtlokkaldo 

do 

Cretaceous 

Tertiary 

do 

Cretaceous 

do 

Triassic 

TertUry? 

[cretaceous      or 
f    TerUary. 

016.38 

Mllkl  Chihuko,  Japan 

Japanese  (pile  at  Govern- 

1.278 

4.50 

ment  ice  plant). 
NaPftlmo,  H.  0.  « 

Kootenay,  B.  C 

Pocahontas,  Va 

Roslyn,  Wash 

8,372 

'd5.81 

NaUon  River,  Alaska 

Drew  Mine.  Alaska 

Mulato,  Yukon 

Chlgnik,  Alaska 

Waikato,  New  Zealand . . . 

Sheridan,  Wyo 

Cretaceous 

Tertiary 

Carboniferous... 
do 

42.37  ' 

35      : 

16.42    

30.84    

32.6    1 

Deer  Creek.  Wyo 

Sablna  Field,  Tex 

Eagle  Mine,  Tex 

1 

Danville,  III 

Clay  County,  Ind 

ElMoro,  C^Io 

45 

38.23 

34.45 

41.56 

33.15 

•  \ 

'".66'* 
2.53 

j 

Cretaceous 

Tertiary 

1 

John  Day  River,  Oregon.. 

1 

Coos  Bay,  Oreg 

Australia  (sold  in  Manila 

do 

'  4,565 

1  7,630 

1 

Permian 

65.79 

market). 

•  Pound  Calories. 

ft  Price  to  Insular  Purchasing  Agent. 

e  In  use  in  1902  in  United  States  quartermaster  transport  servk»  between  San  Francisco  and  Manila. 

*  Price  to  Naval  Department. 
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Table  III. — AnalyBes  of  Batan  coals. 


I^ocallty. 

No. 

Moi»- 
ture. 

Fixed 
car- 
bon. 

Vola- 
tUe 

com* 
bus- 

Ubto. 

Sul- 
phur. 

Ash. 

Color  of 
ash. 

Coke.a 

Specific 
gravity. 

Outcrop,  "Big  Trw"  seam, 
San  Franciaco. 
Do 

1 
2a 

2b 

3 
4 
5 

7B.T. 

8B.T. 

9 
10 
11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 

22 

23 

24 

25 

26 

2-55 

3-55 

4-55 

5-56 

6-55 

7-55 

8-65 

9-55 
10-55 

11-65 

l-«5 
2-65 
3-65 
4-65 
2-85 

6.90 
9.92 

9.40 

6.30 
6.40 
6.60 
5.80 
6 

5.74 
5.82 
6.17 
6.47 
5.89 
5.83 
4.53 

5.03 
5.10 
5.06 
5.39 
5.38 

6.62 
4.88 
n.09 
14.82 
9.53 
6.08 
17.66 
17.18 
17.88 
12.18 
7.40 
17.22 

17.77 

18.96 
9.86 

11.35 

18.30 
15.33 
17.06 

40       |36.90 
49           37.80 

ass 

.31 

.63 
.46 
.60 
.42 
.49 

.66 
.66 
.96 

2.17 
.97 

2.69 
.69 

.45 
.18 
.25 
.26 
.11 

.14 
.12 

2^37 
.40 
2.23 
L15 
2.10 
1.97 
1.62 
2.16 

2 

2.16 
2.73 

1.24 
Ml 
L13 

16.20 
3.22 

8.30 

7.60 
7.40 
6.90 
8.50 
7.80 

5.70 
L49 
7.64 
9.79 
9.39 
10.19 
2.62 

7 

4.84 
2.68 
10.10 
3.04 

L28 
6.56 
4.22 
4.84 
4.05 
2.32 
4.16 
5.49 
6.03 
7.02 
3.70 
5.93 

4.34 

5.11 
3.67 

1.89 

5.38 
2.17 
3.09 
16.78 
4.90 

White 

YeUow  to 
White 

Do 

43.80 

46.80 

46.60 

46 

44.60 

44 

48.80 
52.40 
45.91 
44.51 
46.04 
43.82 
46.96 

47.16 
44.20 
60.31 
48.28 
6L96 

54.42 
43.09 
40.67 
37.06 
44.86 
61.24 
35.66 
38.25 
34.77 
37.96 
48.06 
25.77 

32.71 

38.60 

39.40 
39.70 
40.60 
41.20 
42.20 

30.96 
40.29 
4L28 
40.23 
39.68 
4a  16 
45.89 

40.82 
46.86 
42.03 
36.23 
39.62 

38.68 
46.47 
44.02 
43.28 
4L56 
40.36 
42.72 
39.06 
4L32 
42.84 
40.84 
61.08 

45.18 

1.308 

Interior  ''Big  Tree:" 

8  feet  from  month 

East  side 

do 

do 

do.... 

Across  seam 

Do 

Drill  hole  No.  4  A: 

Seam  No.  1,  Liguan 

Seam  No.  2,  Liguan 

Seam  No.  3,  Liguan 

Seam  No.  4,  Liguan 

Seam  No.  5,  Liguan 

Seam  No.  6,  Liguan 

DriU  hole  No.  11,  seam  at  66 

YeUow.... 
Orange — 
Brown.... 

Gray 

Brown 

Gray 

None. 
...do.. 
...do.. 
...do.. 
...do.. 
...do., 
do 

1.57 
L» 
L64 
L63 
1.57 
1.60 

feet,  Lieuan. 
DriU  hole  No.  13: 

Seam  No.  3,  Liguan 

do 

L41 

Seam  No.  4,  Liguan 

...do.. 

1.40 

Seam  No.  5,  Liguan 

..do 

1.41 

Seam  No.  6',  Liguan 

. .  .do  . . 

1.46 

Seam  No.  7,  Liguan 

do 

L3T 

DriU  hole  No.  11  B: 

Seam  No.  1,  Liguan 

L.do.. 

1.36 

Seam  No.  2,  Liguan 

Batan,  bett's 

do . 

1.47 

...do.. 

1.40 

Stream  bed,  center  of  island. 
Cross-cut  entry  No.  4,  Liguan 

...do.. 

-do 

1.52 
1.30 

Face  entey  No.  4.  Liguan. . . . 

Outcrop  on  Dapdap  trail 

Outcrop  near  Batan  traU 

..do. 

1.30 



. .  .do  . . 

1.37 

do 

1  32 

. .  .do  . . 

1.S2 

Bilbao 

..do 

1.37 

Outcrop  in  creek  near  Liguan 
Southeast  slope  Moun  Vlt- 

caya. 
On  trail  from  Calanaga  to 

. .  .do  . . 

L33 

. .  .do  . . 

1.36 

...do.. 

1.33 

Batan. 

Outcrop  near  Batan,  north. . . 

Outcrop  one-half  mile  north- 
west of  Caracaran. 

1 
32. 79     43. 14 

. .  .do  . . 

1.30 

38.89 

4L01 

35.88 
40.45 
33.  i» 

47.58 

45.75 

40.44 
42.05 
46.26 
41.81 
37 

..do. 

1.29 

...do.. 

LSI 

claim. 

Rapurapu 

Sugot 

Calanaga 

...do 

1.31 

. .  .do  . . 

L36 

...do 

1.32 

Bilbao 

5.10  j  36.31 
20.80  1  37.30 

. .  -do  . . 

1.34 

Calanaga  entry  No.  3 

...do 

1.36 

a  Many  of  these  Liguan  coals  showed  an  incipient  coking. 

Note. — The  following  illufltrations  accompanying  this  report  are  on  file  in  the  War 
Department: 

PHOTOC1RAPH8. 

Mayon  Volcano.     (Frontispiece.) 
Plate  II.  Geologist's  headquarters. 

IV.  Calanaga  Harbor  and  ridge  running  east. 
V.  Interior  of  ruined  church  at  Daraga. 
VI.  Fossil  tree  in  coal  seams. 
VIII.  "Big  Tree"  seam,  San  Francisco  mine. 

XII.  (a)  Camp  at  Bilbao  coal  mine;  (h)  Hauling  coal  from  mine  to  river  at 
Bilbao. 

XIII.  Drift  at  Bilbao  mine. 

XIV.  Prospect  hole  at  Liguan. 

XIX.  (Photomicrographs.)     (a)  Diorite  from  Rapurapu;  (6)  Serpentine  from 

Batan. 
XX.  (Photomicrographs.)     (a)   Operculina  complanata;  (6)  Amphistegina? 
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FIGUBB8. 

No.  1.  CroBB  section  of  travertine  deposit 

2.  Diagrammatic  section  north  and  soathweet  end  of  Batan  Island. 

3.  Conglomerate  on  Babavon  Point. 

4.  Section  on  Caracaran  River. 

5.  Section  on  coast  near  sitio  of  Manila. 

6.  Section  at  Gralicia  Falls. 

7.  Diagram  section  near  commanding  officer's  house. 

8.  Sketch  of  face  of  coal  seam  in  prospect  entry,  Ligoan. 

MAPS  AND  SBCnONB. 

Platb  I.  Key  map,  southeast  Luzon. 
III.  Sketch  profiles  of  Batan  Island. 
VII.  Vicinity  map,  Liguan. 
IX.  Chifladura  propertv,  Calanaga  Bay. 
X.  Bilbao  propertv,  CJalanaga  Sty. 
XI.  Working  near  barrio  of  Batan. 
XV.  Plat  of  San  Francisco  mine. 
XVI.  Section  along  Line  A-D.     (M.  B.  21. ) 
XVII.  Section  along  Line  A-B.     (M.  B.  22. ) 
XVin.  Section  along  Line  E-B.     (M.  B.  20. ) 
XXI.  General  topographic  and  geologic  map  of  the  island.     (In  pocket) 
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Introdnotion. 

The  Island  of  Cebu  shows  outcrops  of  coal  in. almost  all  portions  of  its  area. 
Abella,  in  his  "  Descrlpcidn  de  Cebtl,"  •  cited  as  many  as  15  localities,  scattered 
from  one  end  of  the  island  to  the  other  and  on  both  coasts.  Some  desultory 
mining  has  been  carried  on  near  Mount  Uling,  in  the  barrios  of  Lutac,  Alpaco. 
and  Guilagulla,  but  the  most  serious  undertakings  in  the  colliery  line  were  the 
workings  at  Licos  and  Camansi,  in  the  region  behind  (west  of)  Compostela  and 
Danao,  on  the  east  coast,  about  50  kilometers  north  of  the  city  of  Cebu.  The 
last  active  work  in  this  field  was  done  In  1895,  for  the  insurrection  broke  out  in 
1896,  and  since  the  American  occupation  no  production  has  been  recorded, 
although  diligent  exploration  and  development  has  been  resumed. 

A  topographic  and  geologic  survey  of  the  Compostela,  Danao,  and  Carmen 
areas  was  undertaken  in  the  early  part  of  1906  with  the  intention  of  aiding  io 
this  work.  The  area  which  is  mapped  comprises  approximately  100  square  kilo- 
meters (36  square  miles)  and  is  indicated  by  the  rectangular  space  marked  on 

^  Abella  y  Casarlego,  Enrique :  Rfipida  Descripcidn  ffsica,  geol6gica  y  mhiera 
de  la  Isla  de  Cebfi,  Madrid  (1886). 
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the  index  map.  (Map  I.)  Meesrs.  Goodman  and  Ickis  executed  the  topography, 
using  transit  and  stadia,  their  work  being  tied  to  the  Liloan  Light-House,  the 
position  of  which  has  been  closely  determined  by  the  Coast  and  Geodetic  Sur- 
vey. I  was  engaged  In  mapping  the  geology  during  the  months  of  I>ecember, 
January,  and  February;  in  this  work  I  was  assisted  during  the  latter  portion 
of  the  time  by  Mr.  Goodman. 

The  difficulties  attendant  upon  all  tropical  work  have  made  it  impossible  to 
indicate  as  many  details  as  we  desired  to.  The  two  great  obstacles  to  geologic 
work  in  Cebu  are  the  exceptional  growth  of  cogon  grass  and  the  very  thick  for- 
mation of  talus.  Outcrops  consequently  are  not  sufficient  in  frequency  to  allow 
of  accurate  correlation  of  many  of  the  strata.  If  the  latter  were  undisturbed, 
or  even  approximately  so,  as  is  the  case  in  horizontal  formations,  we  might 
infer  that  what  we  found  to  be  true  in  one  part  of  the  field  would  hold  in  all 
parts,  but. in  Cebu  we  have  found  such  serious  disturbances,  the  dips  and  strike 
of  the  beds  changing  so  radically  within  only  a  few  meters,  that  it  would  be 
extremely  hazardous,  save  in  a  very  general  way,  to  attempt  to  predict  the 
courses  of  these  formations  beneath  the  surface.  During  the  progress  of  the 
mapping  we  found  ourselves  very  rarely  able  to  trace  boundaries  on  the  sur- 
face, but  in  time  we  came  to  judge  of  the  underlying  formation  with  fair  accu- 
racy by  studying  the  topography  and  the  character  of  the  vegetation.  All  who 
have  tried  to  do  exploratory  work  through  cogon  grass  and  **  tichao  *'  will  agree 
that,  even  though  the  dense  jungle  of  such  districts  as  Batan  Island  is  lacking 
in  Cebu,  nevertheless  for  certain  features  of  the  work  the  kind  of  country  we 
have  «icountered  in  this  work  can  be  just  as  bad.  In  order  to  run  a  traverse 
along  an  arroyo,  the  only  place  where  there  is  any  hope  of  reaching  outcrops  and 
obtaining  a  key  to  the  structure,  I  was  forced  actually  to  tunnel  my  way  through 
the  vegetation  with  the  help  of  natives  and  bolos.  This  will  give  some  idea  of 
the  difficulties  we  encountered.  In  one  afternoon  we  covered  approximately 
one-half  mile.  In  a  way  it  might  appear  that  I  owe  an  apology  for  publishing 
anything  at  all  on  this  region  at  this  time,  but  I  feel  that  even  the  Incomplete 
data  which  I  can  furnish  will  give  information  which  will  be  of  some  guidance 
to  those  financially  interested  in  the  field  and  of  interest  to  geologists  in  other 
lands. 

I  shall  refer  readers  of  this  paper  to  the  work  of  Abella,  cited  above,  for  an 
account  of  the  mining  work  done  in  Spanish  days  in  this  field;  however,  I 
shall  exhibit  one  map  which  was  made  after  his  publication.  An  examination 
of  his  geologic  map  will  show  that  he  did  not  attempt  to  map  the  region  In 
detail,  so  that  we  feel  that  the  new  one  will  be  a  distinct  advance  on  what  has 
already  been  done.  I  shall  add  no  more  in  regard  to  the  present  state  of  ex- 
ploration and  development  than  that  there  are  two  companies  on  the  ground  who 
are  making  vigorous  and  honest  efforts  to  ascertain  the  value  of  the  properties. 
There  are  many  Interesting  features  in  connection  with  the  work  which  I  would 
like  to  publish,  but  both  companies  In  extending  me  many  courtesies  and  show- 
ing me  everything  have  requested  that  for  the  present  at  least  this  Information 
be  considered  confidential.  I  wish  to  make  grateful  acknowledgment  to  the 
bureau  of  constabulary,  which,  through  its  two  officials  in  Cebu  and  Capt  H. 
W.  Hunt  at  Danao,  rendered  much  assistance  and  showed  our  parties  numerous 
personal  courtesies;  and  to  Mr.  H.  D.  Everett  of  the  bureau  of  forestry,  for 
valuable  forestry  notes. 

Geography. 

OENEBAL. 

The  area  under  discussion  comprises  a  rectangular  tract  of  about  100  square 
kilometers  (36  square  miles)  of  territory  on  the  upper  waters  of  the  Cot-Cot 
and  Danao  rivers.  The  eastern  boundary  of  the  district  is  the  front,  or  coast, 
range  of  hills  which  includes  Mounts  Licos  and  Mangilao;  the  western  is 
formed  by  the  Cordillera  Central,  which  is  the  long,  sinuous  backbone  of  the 
island.  The  area  extends  as  far  north  as  a  line  east  and  west  from  the  pueblo 
of  Carmen,  while  Mount  Acsubing  marks  its  southernmost  extaision. 

CLIMATE. 

The  monsoons  are  not  as  clearly  marked  in  Cebu  as,  for  instance,  they  are  in 
Luzon.  This  is  largely  due  to  the  fact  that  the  mountains  are  not  so  high,  nor 
is  the  width  of  the  island  sufficiently  great  to  make  conditions  on  one  coast 
appreciably  different  from  those  on  the  other. 
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Tables  are  giTcaa,  below  showing  the  mcmthly  record  of  rainAill  and  tempera- 
ture. Rainfall  is  not  always  a  vital  point  for  consideration  in  many  temperate 
regions,  but  in  the  Tropics,  where  the  precipitation  takes  such  a  prominent  place 
at  certain  periods  of  the  year  and  at  times  causes  such  destruction,  before  con- 
structing important  engineering  works  it  is  absolutely  necessary  to  know  the 
amount  of  rainfall  and  whether  it  is  apt  to  be  concaitrated. 

Table  I. — Temperature  and  rainfall  in  Cebu  during  the  year  1904* 
[Philippine  Weather  Bureau.] 


Month. 

Tem- 
toe. 

Rain- 
foll.a 

Num- 
ber 
of  days. 

Maxl-   ' 

inSSi             M-^»»- 
day.    'l 

..  .. 

Tem- 
ture. 

Rain- 
teU.a 

Num- 
ber 
of  days. 

Maxl- 
mom 
iaooe 
day. 

January 

26.8 

mm. 
327.5 
4a5 
7&0 
14&2 
158.6 
17&1 

23 
11 
9 
13 
13 
15 

mm, 

Msas 

2a6 
63L8 

July 

27.4 

mm. 
92.8 
15&4 

iiai 

14&1 

6 
17 
16 
20 
10 
12 

mm, 

63.0 

February]! 

March 

April 

2&7 
26.7 
27.1 
27.6 
27.2 

August 

September 

October 

27.2 
26.5 
2&4 

3&1 
24.9 
2&« 

mS? 

June 

4ao  1 

48.3 

November 

2&1 
2&8 

149.1 
fia7 

fia3 
l&S 

"Total  for  the  twelve  months,  1,646.1  millimeters,  or  64.81  inches. 
*Or  7.12  inches. 

Table  II. — Temperature  and  rainfall  in  Cebu  during  the  year  1906. 
[Philippine  Weather  Bureau.] 


Month. 


January. 
February 
March... 
April.... 

May 

June 


Temperature. 

- 





Rafn- 

Mean. 

Maxi- 

Mini- 

fall.a 

mum. 

mum. 

•C. 

•a 

mm. 

26.4 

31.2 

19i5 

50.5 

'      2a6 

31.4 

21.0 

3a9 

27.2 

3L9 

2a6 

3&8 

28.1 

32.1 

22.8 

18.6 

28.6 

3a9 

2a4 

94.3 

1      27.5 

32.5 

22.8 

2ia8 

Month. 


July 

August 

September. 
October. . . 
November. 
December. 


Temi)erature. 


Mean. 


27.3 
27.7 
27.1 
27.1 
2&5 
2&9 


Maxi- 
mum. 


32.5 
32.5 
32.5 
32.4 
3L5 
3a9 


Mini- 
mum. 


21.5 
2&0 
22.4 
22.8 
2a5 
21.9 


Rafn- 


128.1 
946 
19L9 
22a4 
175.0 
98.6 


•  Total  for  the  twelve  months,  1,37.'5.6  millimeters,  or  54.07  Inches. 

An  inspection  of  this  table  will  show  that  there  are  no  sharply  defined  dry  and 
rainy  seasons.  The  heavy  precipitation  of  January  might  in  another  year  ccmie 
in  the  month  of  May.  The  rainfall  In  Cebu,  where  the  relief  is  pronounced  and 
trees  over  much  of  the  area  conspicuously  lacking,  gathers  very  quickly  In  the 
arroyos  and  in  a  very  short  time  the  streams  attain  alarming  proportions  and 
work  great  havoc. 

VEGETATION. 

I  am  very  fortunate  in  being  able  to  make  use  of  the  excellent  report  of  For- 
ester H.  D.  Everett,  of  the  bureau  of  forestry.  His  report  is  much  more  reliable 
and  complete  than  any  discussion  I  could  give,  and  therefore  I  have  abstracted 
it  almost  in  its  entirety  and  in  his  own  words : 

"  Less  than  fifty  years  ago  most  of  this  hlU  and  mountain  country  was  covered 
with  a  good,  merchantable  forest,  but  clearing  has  been  so  rapid  that  now  only 
an  inferior  forest  remains,  small  in  area  and  located  on  the  steepest  and  most 
inaccessible  slopes  and  peaks.  The  forest  areas  are  as  follows,  in  order  from 
the  poorest  to  best :  On  the  mountains  of  Llcos,  Manghilao,  Pulgason,  Lantauan, 
Donga,  and  Uguls.  Licos  and  Pulgason  are  near  the  mines  of  the  Insular  C5oal 
Ck>mpany,  but  the  others  are  nearer  and  more  accessible  to  the  mines  of  J.  G. 
White  &  Co.  On  the  west  side  of  the  main  divide  of  the  island  and  tributary 
to  the  Balamban  River  are  the  forests  of  Sacsac,  large  in  area  and  In  good 
condition,  but  practically  inaccessible  from  the  east. 
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"  The  forest  of  Mount  Licos, — Mount  Licos  is  a  long,  narrow  ridge  extending 
from  Camansi  to  the  CJompostela  mines,  reaching  a  height  of  1,750  feet  above  the 
sea.  Only  its  top  and  steepest  rocky  slopes,  which  can  scarcely  be  climbed,  have 
any  tree  growth,  and  this  is  small  and  scattered.  It  is  mapped  as  noncommer- 
cial. Almost  no  trees  of  the  better  species  grow  there,  although  twenty  years 
ago  a  considerable  quantity  of  good  timber  was  secured  in  this  place.  Almost 
no  timber  can  be  obtained  for  the  mines.  A  few  pieces  for  temporary  work  of 
Inferior  kinds  can  possibly  be  cut. 

"Although  this  forest  is  small  and  in  a  deplorable  condition,  if  it  were  pro- 
tected from  cutting  and  cain^ns  (forest  clearings)  for  some  years,  it  would 
probably  recover.    The  land  is  only  fit  for  forest  use. 

"  The  forest  of  Mount  Pulgason, — Mount  Pulgason  is  a  large  mountain  with 
many  radiating  ridges,  most  of  which  are  covered  with  cogon  or  small  brush. 
Many  cainlrins  cultivated  to  com  are  on  its  slopes.  The  forest  is  located  on  the 
top  and  in  some  of  the  draws  near  the  top,  on  both  the  east  and  west  sides. 
Some  of  this  may  be  considered  as  merchantable,  although  it  has  been  cut  over 
for  many  years  by  the  licensee,  Ambrosio  I^o.  It  is  evidently  by  his  efforts  that 
so  much  of  this  forest  has  been  preserved  from  destruction  by  caiiiglns,  since  the 
slopes  are  not  very  rocky  and  calngins  could  easily  be  made. 

"The  forests  have  a  denser  stand,  larger  trees,  and  better  species  than  on 
Mount  Licos,  yet  nevertheless  they  are  in  a  poor  condition,  being  characterized 
by  small  trees  and  scattered  growth.  The  species  are  mostly  unknown  small 
trees  with  aluan,«  sambulauan,  and  a  little  narra  and  amaga.  The  narra  and 
amaga  are  small  trees  and  scarce. 

"  The  forest  of  Mount  Manghilao, — Mount  Manghilao  is  part  of  the  coast 
range  of  hills  and  lies  close  to  the  towns  of  Danao  and  Carmen,  showing  promi- 
nently. Its  elevation  Is  about  2,250  feet  above  the  sea.  The  remaining  forest 
rests  on  the  rockiest  part  of  the  top  and  partly  down  the  rocky  slopes,  which  in 
places  are  cliffs.  The  forest  has  been  subjected  to  excessive  cutting  in  the  past 
and  to  considerable  destruction  by  calkins.  It  is  a  tangle  of  vines,  saplings, 
and  small  trees,  with  a  few  scattered  large  trees  of  lauan,  manaog,  nipot-nlpot, 
and  nato.  There  are  present,  as  in  all  of  these  mountains,  a  large  number  of 
tree  si)ecles,  few  of  which  are  valuable.  A  part  of  this  forest  may  be  called 
merchantable  here,  although  in  better  timbered  regions  it  would  be  nonmer- 
chantable.  First-group  trees  are  practically  wanting.  What  is  really  called  for 
in  this  forest  Is  absolute  protection  for  many  years. 

The  forest  of  Mount  Lantauan. — ^Thls  mountain  is  a  sharp  peak  of  volcanic 
rock,  so  rocky  and  precipitous  that  some  good  timber  still  remains,  because  It  is 
so  difficult  to  cut.  In  places  the  forest  is  fairly  dense  and  of  good-sized  trees, 
chief  among  which  are  white  lauan,  duca,  nato,  maobog,  lanete,  narra,  bagtican, 
and  ditaa.  On  this  mountain  considerable  mine  timber  can  be  cut  without  seri- 
ous silvicultural  damage  to  the  forest. 

"  The  forests  of  Mounts  Uguis  and  Donga. — Mount  Donga  is  really  a  foothill 
of  the  higher  mountain  or  ridge  called  Uguis.  The  upper  slopes  and  tops  of 
these  mountains  are  fairly  well  wooded  and  have  suffered  less  from  cutting 
than  the  other  mountains.  This  Is  due  to  the  fact  that  they  are  farther  from 
Danao  and  that  their  steep  slopes,  covered  with  huge  volcanic  bowlders,  make 
logging  extremely  difficult  and  In  places  Impossible.  However,  mine  timbers 
could  be  cut  on  these  slopes  and  skidded  out  by  hand  at  a  considerable  expense. 
It  is  probable  that  timber  could  be  Imported  from  other  islands  at  less  expense 

"List  of  tree  species  with  native  and  botanical  names  mentioned  In  Mr. 
Everett's  report:  Agusahis  (Ficus  sp.),  amaga  (Diospyros  sp.),  amahuyan 
{Dysoxylum  sp.),  bagtican  iShorea  sp.),  betls  {Illipe  betis  (Blco.)  Merr.),  bogo 
{Garuga  floribunda  Dene.),  camungayon  {Aglaia  sp.  ?),  datllls  or  caballero 
(here  refers  to  Leuewna  glauca  Benth.).  dltaa  or  dita  {Alstonia  scholaris  R. 
Br.),  duca  icynometra  sp.),  dui^on,  bayog  (Tarrietia  sylvatica  Merr.  or  Pteros- 
permum  sp.),  dungula  {Vitex  ahemiana  Merr.),  guijo  (Shorea  guiso  Bl.),  ham- 
babSB  {Nauclea  sp.  or  RandUi  sp.),  lanete  (Wrightia  sp.),  lauan  (Shorea  sp.), 
manaog,  balacbacan  (Shorea  sp.),  mata-mata  (Aglaia  sp.),  moabog  (?),  molave 
(Vitew  sp.),  nancaon  (?),  narra  (Pterocarpus  sp.),  nato  (Palaqium  sp.),  nlpot- 
nipot  (Oleditsia  rolfei  Vld.  ?),  pa9Dllngan  (Oratoxylon  florihundus  F.  Vill.), 
r»ag8agon  (Minmsops  elengi  L.),  pill  (Canarium  sp.),  putlan  (Aglaia  sp.),  quia- 
quia?,  sambulauan,  amuguis  (Koordersiodendron  pinnatum  (Blco.)  Merr.), 
tagullumboy  (Eugenia  sp.  or  Cynometra  sp.),  tlndalo  (Pahudia  rhomboidea 
Praln.),  tunguatlngan  (Nauclea  sp.),  white  lauan  (Shorea  sp.),  yacal 
(Hopea  sp.). 

62564— WAB  1908— VOL  8,  AP ^28 


422      APPENDIX  TO  BEPOBT   OF  THE  PHILIPPINE   COMMISSION. 

thau  it  could  be  secured  on  this  mountain,  except  In  famine  years,  when  tbe  peo- 
ple work  very  cheaply. 

**  Uguis  and  Donga  have  a  fair  sprinkling  of  narra,  bagtican,  ama^a,  lan^e, 
and  dungon  among  the  many  inferior  species  which  are  also  present 

"  The  forest  of  the  Sacsac  River, — ^An  extensive  virgin  forest  exists  across  tbe 
main  divide  of  the  island  and  tributary  to  the  Balamban  River,  containing  large 
trees  of  lauan,  sambulauan,  qula-qula,  narra,  pill,  bagtican,  and  other  timber 
species.  Bejuco  (rattan)  also  grows  in  this  forest  in  f^ir  abundance.  At  pre^ 
ent  the  forest  is  inaccessible  from  the  east,  but  it  is  barely  possible  that  at  great 
expense,  yet  not  a  prohibitive  one,  a  road  could  be  made  up  the  Uguis  stream 
and  across  the  divide  by  which  this  timber  could  be  brought  to  the  Danao  River 
and  thus  to  the  mines. 

*' Cutting  rules,  copies  of  which  have  been  sent  to  the  three  licensees,  are 
based  on  the  following  facts  and  conclusions : 

"  (1)  In  these  forests  It  Is  possible  to  secure  only  a  small  part  of  the  neces- 
sary mine  timber  from  first-group  trees. 

*'  (2)  There  are  some  species  of  the  lower  groups  which  will  serve  fairly  wdl, 
especially  for  temporary  work. 

'*  (3)  The  cutting  of  small  trees  of  the  first  and  see<md  groups  in  these  forests 
will  exterminate  those  species. 

"  (4)  It  will  be  necessary  to  Import  timber  from  other  regions  for  tiie  proper 
future  development  of  the  mines. 

"  (5)  The  future  development  of  the  mines  will  double  the  demand  for  timtwr. 

''  (6)  The  trees  at  present  being  cut  are  small,  with  an  average  diam^er  of 
not  more  than  25  centimeters. 

'*  (7)  The  forests,  especially  those  of  Llcos,  Pulgason,  and  Manghilao,  are  la 
very  poor  condition. 

'*  Use  of  timber  in  the  coal  mines, — ^Timber  was  used  in  former  times  and  is 
needed  at  present  in  the  form  of  ties  for  the  tramway  leading  from  Camansi  to 
Danano,  and  as  posts,  caps,  and  lagging  for  the  tunnels.  The  company  wkleh 
operated  the  mines  in  Spanish  times  used  mostly  the  most  durable  timber  of 
the  first  group,  such  as  molave  and  tlndalo,  both  for  the  tramway  and  for  the 
tunnels. 

**  Old  timbers  of  the  Compostela  mines, — Most  of  the  timbers  were  placed  1b 
these  mines  in  the  years  18&5  and  1896.  They  consist  for  the  greater  part  of 
molave,  tlndalo,  yacal,  and  narra,  with  a  few  of  the  Inferior  or  little  known 
i^)ecie8  which  grow  in  the  neighborhood.  The  lagging  was  made  of  poles  of 
datills  or  caballero.  Some  of  the  old  tunnels  are  now  being  cleared  out  and 
new  timbers  put  In  where  the  old  ones  are  no  longer  serviceable.  Up  to  the 
present  time  not  more  than  40  per  cent  of  the  old  posts  and  caps  have  been  i« 
moved  in  the  Enrique  Abella  tunnel.  Many  of  the  molave  timbers  are  po^ 
fectly  sound  after  about  twelve  years  of  service.  The  following  specimen  sec- 
tions were  taken  from  some  of  the  old  timbers  at  the  ends  where  they  were  in 
contact  with  the  soil. 

"  No.  I. — ^Pagsagon  post,  sound  with  the  exception  of  about  1  centimeter  ob 
the  outside  and  one  bad  knot  which  had  weakaied  the  post 

**  No,  2, — Betls  ( ?)  post.  In  good  condition. 

"  No.  3, — Guljo  cap,  badly  rotted  at  the  ends. 

"  No,  4. — Pagsagon  post,  fairly  sound,  but  weakened. 

"  No.  5, — Tlndalo  post,  affected  In  spots,  but  fairly  sound. 

"  No,  6. — Bogo  post,  affected  in  spots  so  as  to  be  uselesa 

"  No,  7. — Molave  post,  sll^itly  affected  so  as  to  be  weakened. 

"  No.  8. — Molave  cap*  fairly  sound,  with  hollow  at  the  heart,  which  was  prob- 
ably there  originally. 

"  No,  P.— Tlndalo  cap,  still  useful. 

"  No.  10.~Nlpot-nipot  cap,  badly  rotted. 

"  No,  ii.— Putlan  ( ?)  post,  slightly  affected  at  heart 

**  No.  12, — ^Tagullumboy  post,  still  fairly  soimd  and  could  serve  for  some  thne 
longer. 

"  No.  IS, — ^Nancaon  post,  in  fair  condition. 

**  The  above  timbers  have  seen  ten  to  tw^ve  years'  8«*vice.  In  general,  tbe 
caps  are  affected  by  decay  sooner  than  the  posts. 

"  A  large  proportion  of  the  inferior  or  little  known  woods  of  the  locality  were 
used  hi  the  Camansi  mines.  Some  of  them  have  proved  to  be  ve^  durable, 
almost  as  much  so  for  the  purpose  as  molave.  These  are  most  notably  tagvil- 
umboy  and  hambabse.  Putlan,  camungayon,  nancaon,  mata-mata,  tunguatin- 
gan,  and  amahuyan  have  shown  themselves  to  be  fairly  satisftictoiy. 
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"The  conditions  affecting  the  durability  of  the  mine  timbers  are  different 
from  those  influencing  an  liarigue  (house  post)  or  other  timber  exposed  to  light 
and  air;  they  are  in  almost  complete  darkness,  are  constantly  dripping  with 
moisture,  and  are  covered  with  slime.  The  air  inside  the  tunnels  is  heavy,  hot, 
laden  with  moisture,  and  it  varies  but  little  in  temperature.  The  white  ant  is 
said  not  to  worli,  except  at  the  entrance  to  the  tunnels,  and  no  injurious  work 
of  insects  was  observed  in  the  old  timbers.  Consequently  conditions  are  not 
such  as  to  cause  the  most  rapid  decay,  although  favorable  to  the  growth  of  de- 
structive fungi. 

"  Present  use  of  timber. — ^The  wood  used  in  tlie  mines  is  in  the  form  of  posts, 
caps,  and  lagging.  For  100  meters  of  tunnel  170  caps,  about  7,000  short  stakes 
for  lagging,  and  340  posts  are  used,  having  an  approximate  volume  for  posts  and 
caps  of  about  20  cubic  meters.  The  lagging  used  is  formed  of  the  small  stems 
of  the  datilis  or  caballero,  a  brushwood  growing  in  thickets  near  streams, 
which  does  not  make  a  timber  tree. 

"The  caps  are  about  1.35  meters  in  length  and  0.50  in  circumference;  the 
iiosts  about  2.35  by  0.55  meters.  They  are  entire,  round  logs,  cut  from  small 
trees  and  are  not  treated  in  any  way  to  preserve  them  from  decay.  A  coal- 
mining operation  on  a  fairly  large  scale  would  run  about  1,500  meters  of  tun- 
nels a  year,  which  would  require  about  300  meters  of  timber  for  posts  and  caps, 
exclusive  of  that  used  for  the  tramway  and  for  general  construction.  This 
would  mean  about  2,000  small  trees  to  be  cut  to  about  the  size  now  being  used. 

'"*  Since  work  is  now  progressing  only  on  a  small  scale,  old  tunnels  being 
cleared  and  a  few  new  ones  started,  at  present  but  a  small  amount  of  timber 
is  required.  This  demand  can  be  supplied  for  a  time  by  the  neighboring  for- 
ests, but  as  soon  as  the  operations  are  greatly  extended  it  will  be  necessary  to 
secure  material  from  other  sources. 

*  PossiUe  sources. — It  Is  probable  that  rejected  railroad  ties  can  be  obtained 
which  should  make  good  mining  timbers.  The  dungula  growing  on  the  tract  of 
the  Insular  Lumber  Company  should  be  a  most  excellent  mine  timber.  This  is 
now  being  cut,  and  doubtless  from  time  to  time  a  steamer  load  could  be  secured. 
The  better  forested  islands,  such  as  Mindanao,  Samar,  Paragua,  and  Mindoro, 
should  be  a  source  for  mine  timbers  of  the  first  group.  Only  further  experience 
and  observation  will  show  how  durable  for  the  mines  are  the  many  little  known 
timbers  of  the  Islands.  Some  of  these  will  undoubtedly  prove  to  be  very 
satisfactory. 

**  It  Is  probable  that  In  time  it  will  be  practicable  and  advisable  to  treat  mine 
timbers  with  jxreservatlves,  in  this  way  using  the  most  abundant  and  cheaper 
kinds.  Painting  timber  with  the  preservative  or  giving  the  timber  an  open  bath 
treatment  will  be  found  the  cheapest  methods.  In  this  connection,  attention  is 
called  to  Press  Bulletin  No.  141,  November  27,  1906,  United  States  Forest 
Service.  *  Prolonging  the  Life  of  Mine  Props.*  " 

POPULATION    MARCH   1,  1907. 

The  Filipinos  Inhabiting  this  Island  are  called  Vlsayans  and  are,  save  for 
minor  differences  in  dialect,  the  same  as  the  people  of  Leyte,  Negros,  and  Panay. 

As  I  have  pointed  out  in  my  previous  paper,*  the  greater  part  of  the  popula- 
tion and  also  that  portion  which  belongs  to  the  better-educated  class.  Is  con- 
fined to  the  narrow  coastal  tract  in  the  towns  of  Carmen,  Danao,  and  Liloan, 
and  others,  and  to  their  outlying  barrios.  The  dwellers  In  the  hill  country  are 
extremely  poor,  when  their  state  is  compared  with  our  manner  of  living  or 
even  the  mode  of  life  of  the  people  of  the  coastal  plain.  Com  is  their  chief 
staple.  I  believe  this  dominant  com  diet  is  peculiar  to  the  Cebuanos.  The 
llustrados  largely  control  the  fertile  cove  areas  in  the  intermontane  tracts. 

The  peasant  of  Cebu  is  very  superstitious.  As  an  instance  of  his  ignorance 
and  credulity  I  may  cite  one  rather  remarkable  case,  which,  however,  at  one 
time  came  very  near  to  not  having  an  amusing  aspect  In  our  trips  here  and 
there  over  the  field  we  were  obliged  to  pass  by  many  native  houses,  and  near 
the  end  of  the  work  we  were  surprised  to  find  the  children  all  running  away 
from  us,  or  their  mothers  would  quickly  hide  them  as  soon  as  we  came  in 
sight,  a  thing  which  had  never  been  done  in  this  district  on  previous  visits. 
This  continued  for  some  time*  with  also  an  increasing  surliness  on  the  part 
of  the  men.     Finally,  an  engineer  of  one  of  the  coal-development  companies 

o " Contributions  to  the  Physiography  of  the  Phili{HE>ine  Islands:  L  Cebu 
Islands.''    This  Joumal  (1906),  1, 1043. 
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was  stopped  late  in  the  evening  when  he  was  some  distance  from  camp.  The 
natives  proved  themselves  to  be  In  a  hostile  mood,  and  as  they  had  bolos  (long 
knives)  and  one  or  two  spears,  he  felt  warranted  in  drawing  his  side  arm  to 
protect  himself,  and  not  until  the  tenlente  of  the  local  barrio  appeared  and 
explained  in  Spanish,  did  he  learn  the  cause  of  their  attitude.  It  seems  that 
some  malicious  person  or  persons  had  played  upon  the  credulity  of  the  people, 
making  them  believe  that  the  Americans  were  stealing  the  children  in  order 
to  kill  them  and  let  their  blood  drop  on  the  ground,  this  being  a  supposed  means 
of  ascertaining  where  the  coal  was.  It  took  some  days  to  eradicate  this  belief 
from  the  minds  of  the  peasants,  and  for  a  time  it  kept  the  local  constabulary 
force  doing  guard  over  the  several  camps.  This  is  the  only  incident  of  the  kind 
which  has  ever  been  brought  to  my  attention  In  the  Philippines,  and  I  con- 
sider it  altogether  exceptional. 

HYDBOLOQT. 

The  area  under  consideration  Is  well  drained  by  two  fair-sized  streams,  the 
Danao  and  the  Cot-Cot  rivers,  which  become  raging  torrents  in  rainy  weather, 
but  quickly  subside,  and  In  the  dry  season  are  so  shallow  that  not  even  the 
smallest  bancas  can  navigate  them.  The  generally  deforested  condition  of  the 
region  is  responsible  for  this  condition. 

TOPOGRAPHY  AND  PHTSIOGBAPHY. 

The  general  appearance  of  this  country  is  mountainous,  although  in  reality 
the  highest  point,  apart  from  the  Cordillera  Central,  is  not  over  685  meters 
(2,245  feet).  The  reason  for  the  exaggerated  topography  Is  the  pronounced 
relief  which  is  due  to  two  main  causes,  first,  the  folded  and  warped  condition  of 
the  rocks,  and  second,  the  absence  of  forest,  which  gives  the  meteoric  waters  a 
free  field  to  do  their  work  of  dissection.  The  absence  of  forest  Is  also  a  factor  in 
making  visible  at  a  glance  even  the  minutest  topographic  features,  whereas  In 
countries  with  a  heavy  forest  mantle  much  of  the  relief  would  not  be  seen. 

The  topographic  features  of  this  region  are  as  follows:  1,  the  quite  com- 
plete dissection  of  the  country ;  2,  the  long,  limestone-capped  ridges  of  Mounts 
Licos,  Manghllao,  and  Lantauan;  3,  the  rather  unconventional  orientation  of 
the  drainage ;  4,  the  change  of  topography  with  change  of  formation. 

In  a  previous  paper »  I  have  spoken  of  the  Intermediate  uplands  of  thls- 
Island.  They  comprise  all  of  the  elevated  tract  between  the  coastal  plain, 
with  the  low  coast  hills,  and  the  Cordillera.  They  are  largely  underlaid  by 
limestone.  Com  Is  the  principal  product.  The  people,  while  apparently  very 
poor,  nevertheless  are  satisfied  and  have  all  they  need.  They  form  the  most 
peaceable  portion  by  far  of  the  native  population. 

In  the  terms  of  the  modem  science  of  physiography  this  region  Is  In  maturity, 
namely,  it  is  in  such  a  condition  that  a  little  less  denudation  or  a  little  more 
would  decrease  the  relief  and  make  all  the  outlines  less  pronounced.  Further 
denudation,  unaccompanied  by  elevation  or  warping,  would  cause  the  region 
to  pass  into  "  old  age." 

The  most  striking  topographic  features  are  the  limestone-capped  ridges  of 
Llcos,  Lantauan,  and  Manghllao.  The  limestone  being  more  resistant  than  the 
underlying  shales  and  soft  sandstone,  has  protected  certain  areas  t)etween  the 
master  streams  and  hence  the  highest  points  are  of  the  former  material.  This 
limestone  does  not  conform  to  the  beds  below,  but  lies  as  a  mantle  upon  the 
folded  and  truncated  coal  measure  beds,  and  In  some  cases  upon  igneous  forma- 
tions. However,  there  is  a  decidedly  warped  appearance  to  this  formation, 
which  Is  In  part  due  to  the  configuration  of  the  older  topography  upon  which 
the  limestone  was  laid  down,  and  also  to  some  minor  folding  subsequent  to  Its 
deposition. 

A  somewhat  noteworthy  feature  of  the  drainage  is  the  orientation  of  the 
Cot-Cot  and  its  tributaries,  the  Jlmarco,  the  Parel,  and  the  Muao;  and  the 
peculiar  course  of  the  Danao. 

The  Cot-Cot  and  its  three  tributaries  are  seen  to  conform  with  reasonable 
closeness  to  two  lines  which  make  an  angle  of  92*  with  one  another.  The 
Jlmarco  and  the  Cot-Cot  fall  on  a  line  the  course  of  which  is  north  37°  weBt, 
while  the  Muao  and  the  Parel  come  into  the  main  stream  approximately  at 
right  angles,  or  along  a  line  north  55*  east.  I  am  strongly  of  the  opinion  that 
the  north  37*  west  line  is  a  fault  line,  although  I  have  no  other  cause  to  think 
po  than  its  great  persistence. 

«Loc.  clt.,  1043. 
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Side  branches  under  normal  conditions  do  not  join  the  trunk  stream  at  right 
angles,  but  always  In  such  a  manner  as  to  make  an  acute  angle  upstream  with 
it  The  reason  for  this  departure  in  this  region  lies  in  the  structure  of  the 
underlying  formations.  In  a  traverse  of  the  Muao,  in  more  than  one  place,  I 
found  that  the  strike  of  the  beds  conformed  to  the  direction  of  the  stream  and 
there  should  be  little  doubt  but  that  this  factor  has  controlled  its  course,  as  it 
would  be  much  easier  for  the  stream  to  cut  along  this  line  than  across  the 
formations.  As  the  dip  is  generally  to  the  southeast  throughout  the  greater 
part  of  this  region,  it  would  be  expected  that  the  stream  would  shift  laterally 
and  in  the  direction  of  the  dip. 

I  am  not  so  certain  tliat  this  holds  true  In  the  case  of  the  Taganejan,  as 
exposures  of  the  sedlmentaries  are  not  so  plentiful.  If  we  now  examine  the 
course  of  the  Danao,  the  headwater  tributaries  of  which  are  known  as  the 
Cajumayjumayan  and  the  Donga,  we  see  that  It  starts  on  the  northeast  slope 
of  Mount  Lantauan  and  flows  southwest  In  the  Cajumayjumayan  basin  until  It 
strikes  the  CJordlllera ;  It  then  swings  to  the  south  at  the  base  of  this  ridge  and 
turns  rather  sharply  to  the  southeast,  worming  Its  way  In  great  curves  through 
a  canyon-like  cut  In  the  basal  igneous  formation,  and  still  farther  down  it  takes 
a  due  easterly  course  to  the  sea. 

As  the  Cajumayjumayan  Valley  is  a  syncline,  the  river  In  this  part  of  the 
course  Is  a  consequent  stream.  In  time  the  courses  of  Donga  and  Cajumayju- 
mayan creeks  will  coincide,  as  both  shift  laterally  along  the  dip.  That  part  of 
the  stream  which  lies  between  Slbacan  and  Ustaganon  creeks  Is  antecedent.  Its 
present  Incised  meanders  In  that  portion  are  evidently  inherited  from  an  earlier 
and  higher  stage  of  the  stream,  and  may  point  to  a  post-Miocene  peneplain. 

I  found  that  the  courses  of  the  Mantlja  and  Manglljl  side  streams  were 
almost  entirely  controlled  by  structural  conditions.  As  can  be  seen  by  a  cross 
section  of  almost  any  part  of  the  field,  the  Coal  Measures  are  folded  to  a  consid- 
erable degree  in  some  place&  The  Mangliji  Is  located  on  the  crest  of  a  small 
local  anticline,  and  the  reason  for  this  position  Is  that  there  Is  usually  along 
the  crest  of  an  anticline  a  fracture  system  which  would  give  a  stream  a  foothold. 

It  would  be  Interesting  to  know  to  what  extent  jointing  and  faulting  had 
affected  the  orientation  of  drainage  in  this  area,  but  unfortunately  there  are  few 
good  exposures,  and  quarries  and  mining  operations  have  not  yet  proceeded  far 
enough  to  throw  much  light  on  the  underground  condition. 

To  one  accustomed  to  read  topographic  features  much  of  the  underlying  struc- 
ture and  formations  of  a  country  is  revealed,  whereas  to  another  person  a 
surface  examination  would  disclose  nothing.  For  Instance,  the  abrupt  change 
In  the  contours  at  the  point  where  the  Ustaganon  comes  into  the  Danao  should 
be  noted;  west  of  that  point  the  rock  is  igneous,  a  hard,  fairly  structureless 
dlorlte;  east  of  that  point  to  a  place  as  far  as  the  end  of  the  railroad,  the 
contours  are  fewer  and  farther  apart,  showing  gentle  slopes  and  outlines,  the 
underlying  formation  is  that  of  the  Coal  Measures,  consisting  largely  of  soft 
shales.  Again,  the  crowded  contours  just  south  of  the  end  of  the  railroad  track 
at  Camansi  should  be  considered.  They  mark  a  great,  white  cliff  of  limestone, 
which  usually  gives  this  character  to  the  topography.  I  may  state  that  such 
topography  is  not  very  favorable  to  engineering  projects. 

Ocology:  General. 

For  purposes  of  convenience,  and  also  because  of  a  natural  distinction  between 
the  areas,  I  shall  treat  the  geology  of  this  region  under  the  following  heads: 
(1)  The  Acsublng-Muao  region;  (2)  the  Mount  Llcos  region;  (3)  the  Caju- 
mayjumayan region;   (4)  The  Sill  Creek  region. 

THE  ACSUBING-MUAO  REGION. 

This  portion  of  the  district,  lying  south  of  the  Cot-Cot  River,  Is  largely 
covered  by  a  sheet  of  andesite  and  It  therefore  Is  much  more  simple  to  deal  with. 
Although  this  part  of  the  area  was  evidently  entirely  covered  by  this  sheet  of 
andesite,  the  streams  have  greatly  dissected  It,  cutting  down  through  It  for  over 
200  meters  (nearly  700  feet)  to  the  unconformable  coal  series  below.  Isolated 
residual  patches  of  the  upper  limestone  are  scattered  at  long  intervals,  resting 
upon  the  andesite. 

The  streams  are  naturally  for  the  greater  part  deeply  Incised  with  V-shaped 
cross  sections  as  a  result  of  the  character  of  the  formation  which  Is  predomi- 
nantly igneous. 
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Although  the  region  Is  maturely  dissected,  it  may  be  seen  that  the  majority 
of  the  hilltops  come  up  to  a  common  plane,  which  does  not  signify  a  peneplain, 
but  simply  the  surface  of  the  great  lava  flow  which  just  antedated  the  depo^- 
tlon  of  the  Miocene  limestone. 

This  section  is  very  rugged  and  at  first  sight  quite  forbidding.  The  larger 
part  of  the  people  live  in  barrios  and  reconcentration  camps  on  narrow  ridges. 
These  camps  were  established  in  1903  and  1904  by  the  constabulary  to  protect 
the  people  from  some  bands  of  **  pulahans  '*  infesting  the  country  at  that  time. 
Although  at  first  sight  the  country  would  appear  to  be  barren  and  unproduc- 
tive, the  wash  from  its  decaying  limestone  and  the  disintegrated  andesite  pro- 
duce a  fairly  rich  soil.  I  have  seen  some  very  good  com  In  this  section.  Plate 
I  is  a  view  of  the  Cot-Cot  country  which  very  well  shows  the  g«ieral  appear- 
ance of  this  dissected  Tertiary  lava  field. 

The  most  widespread  formation  is  a  porphyrltlc  rock  which  will  be  described 
at  greater  length  further  on.  In  many  hand  specimens  It  Is  clearly  an  andesite. 
with  feldspar  and  pyroxene  phenecrysts  in  a  fine  groundmass;  in  others,  all 
which  can  be  seen  are  white  feldspars  (usually  kaolinlzed)  in  a  fine-grained, 
green  groundmas& 

A  series  of  shales,  sandstones,  and  graywackes  are  found  to  be  exposed  where 
the  streams  have  cut  down  through  this  lava  capping,  where  the  talus  is  not 
too  thick,  dipping  sometimes  at  high  angles  and  with  constantly  changing 
strlkea  It  would  be  highly  advantageous  to  be  able  to  map  these,  giving  their 
underground  courses,  but  the  outcrops  are  not  sufficiently  numerous  or  con- 
tiguous to  do  this  with  any  assurance  of  safety. 

There  has  been  some  mineralization  In  the  vicinity  of  Acsublng  Mountain, 
as  galena  Is  found  In  \^ein8  in  the  andesite.  We  have  been  able  to  see  these 
veins  only  in  two  localities,  but  these  limited  observations  led  us  to  believe 
that  the  deiwsits  are  In  the  form  of  a  "  stock  work." 

I  have  been  unable  to  find  any  coal  In  this  series,  nor  have  I  encountered 
any  fossils,  but  I  have  no  reason  to  doubt  that  the  series  belongs  to  the  coal 
measures.  A  portion  of  it  may  be  terrestrial  in  origin,  as  seems  to  be  the  case 
with  the  formations  to  the  north  of  the  Cot-Cot  and  the  east  of  Mount  Licos. 

THE   MOUNT  LICOS   BBGION. 

This  includes  both  the  old  Compostela  and  the  Camansi  workings  and  was 
the  principal  field  in  Spanish  days.  This  portion  of  the  district  Is  quite  diflTereit 
from  the  preceding,  In  that  the  igneous  extruslves  are  lacking  over  most  of 
the  territory.  As  the  western  part  of  the  field  abuts  on  the  Igneous  basement 
complex,  In  our  mapping  we  have  kept  well  to  the  east.  By  referring  to  the 
map,  a  belt  which  widens  and  narrows  (represented  by  the  blue  color)  may  be 
seen;  In  general  It  runs  In  a  northeast-southwest  direction.  This  Is  the  pro- 
ductive portion  of  the  coal  measures;  to  the  east  it  dips  beneath  the  limestone 
and  still  farther  to  the  east  it  undoubtedly  would  be  found,  although  at  no  incon- 
siderable depth.  This  belt  of  productive  measures  can  readily  be  traced  in  a 
general  way  by  the  topography  and  the  vegetation.  The  topography  is  marked 
by  moderate,  gentle  sIoihjs  and  rounded  contours.  The  vegetation  consists 
largely  of  rank  cogon  and  talAhlb,  with  absolutely  no  forests. 

Mount  Licos  Is  a  long,  Irregular  mountain,  the  highest  point  of  which  is 
just  above  the  Compostela  workings.  From  Its  height  of  520  meters  (1,700 
feet)  It  declines  gradually  to  the  northeast  to  the  Danao  River.  This  eminence 
Is  capped  with  a  white,  orbitoldal  limestone  of  30  to  150  meters  (100  to  500 
feet)  in  thickness.  This  capping  Is  very  rugged,  exceedingly  conspicuous,  and 
easily  traced ;  It  is  fairly  well,  but  not  densely,  clad  with  forest  trees.  To  the 
north  of  the  mountain  we  find  a  great  mass  of  conglomerate,  not  basal,  but 
such  a  formation  as  Is  characteristic  of  coal  fields.  I  have  called  this  the  bar- 
ren measures.  Its  thickness  Is  at  least  several  hundred  feet,  although  just 
how  great  It  Is  I  am  unable  to  say.  Although  it  is  treeless,  it  is  marked  by  its 
accentuated  relief.  This  formation  will  be  treated  of  more  fully  in  a  subse- 
quent portion  of  this  paper. 

THE  CAJUMAYJTTMAYAN  VALLEY. 

Another  field  containing  coal  lies  to  the  north  of  Sill  Peak  and  Lantauan  ridge. 
This  Is  simply  an  extension  of  those  to  the  south.  Its  structure,  to  judge  from 
rather  Incomplete  data,  is  that  of  a  basin  or  syncllne.  Practically  the  same 
formations  as  those  mentioned  under  the  Mount  Licos  region  occur  here  and  In 
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the  same  order.  The  most  characteristic  feature  of  the  field  is  the  hogback  in 
the  center  of  the  basin,  which  is  a  remnant  of  the  upper  or  barren  conglomerate. 
Theiee  are  five  seams  in  this  yalley,  as  is  the  case  in  the  others. 

Table  III. — Stratigraphy  of  the  Compoatela-Danao  region. 

Recent Alluvial  deposits  in  streams  and  extensive  and  thick  talus  on  all 

slopes;  and  travertine, 
rnconformity. 

Miocene Upper  white  limestone,  coralline  and  containing  Orbitoides,  Litho- 

thamnlnm,  and  many  mollusca  in  its  basal  portion. 

Oli^ocene Shaly  limestone — cream  colored  and  soft — unfossiliferous. 

Unconformity. 

Extrusive  rocks— chiefly  andesite. 

Terrestrial   deposits   consisting   largely   of   conglomerate — showing 
much  oxidation. 
Ek>cene Unconformity. 


Pre-Eocene     ( ?) Unconformity. 

Basal  dlorite  and  conglomerate. 

Stratigraphy. 

I  have  compiled  in  Table  III  a  statement  of  the  stratlgraphic  column,  which 
gives,  as  nearly  as  I  now  know  it,  the  relation  of  the  different  formations  in 
this  part  of  the  island.  Beginning  with  the  lowest,  we  have  the  basal  complex 
largely  composed  of  dlorite  and,  as  a  closely  related  part  of  this,  the  basal 
conglomerate.  Its  extension  where  it  comes  to  the  surfkce  can  be  seen  on  the 
map,  represented  by  the  red  single-cross-hatched  color.  It  occupies  a  portion 
of  its  western  part ;  in  fact,  the  map  was  not  extended  farther  because  of  it  A 
typical  dlorite  is  found  In  the  winding  gorge  of  the  Danao  River,  in  every  re- 
spect resembling  the  basal  rock  of  Masbate,  Benguet,  etc.  A  typical  develop- 
ment of  basal  conglomerate  is  to  be  seen  in  portions  of  the  river  course,  while 
in  others  but  little  of  this  can  be  observed. 

THE   IGNEOUS   BASE. 

For  some  time  I  was  puzzled  by  the  particular  phase  of  igneous  rock  consti- 
tuting the  hills  on  the  left,  or  north  side,  of  the  Danao  River.  Here  the  rock 
is  more  of  a  porphyry  than  holocrystalllne.  From  all  the  evidence  I  was  able 
to  procure,  the  rock  exposed  on  this  higher  ground  is  merely  a  porphyritic 
fades  of  the  dlorite,  as  would  be  natural  to  expect  in  the  upper  part  of  the 
mass,  where  the  cooling  had  been  more  rapid.  A  feature  of  this  rock  is  the 
innumerable  minute  calclte  veins  cutting  through  it  without  definite  system. 

The  following  Is  a  description  of  this  rock  from  the  region  of  Sill  Creek,  not 
far  from  the  coal  measures: 

"CEBU   NO.   5    (DILWORTH) — DIOBITE   PORPHYBY. 

"  Hand  specimen, — ^A  dark-colored,  fine-grained,  igneous  rock.  The  only  min- 
erals identifiable  in  the  hand  specimen  are  dark  green  plagioclaae  and  rare 
specks  of  magnetite. 

** Microscopic  {2  sections), — ^The  rock  is  composed  almost  entirely  of  feld- 
spar, rather  decomposed.  There  are  several  porphyritic  crystals  reaching  a 
maximum  size  of  2  by  1  millimeters,  but  the  majority  are  small  lat^s.  About 
5  per  cent  of  the  feldspars  seem  to  be  orthoclase.  No  good  determinations 
oould  be  made  of  the  plagioclases,  but  six  rather  doubtful  ones  gave  three  of 
ncld  labradorlte  and  three  of  basic  oligoclase.  Many  of  the  feldspars  show 
ji:ood  zonal  structure.     Several,  especially  among  the  smaller  laths,  are  bent. 

**  Biotite  Is  present  In  all  stages  of  decomposition,  but  is  always  well  chlori- 
tlzed.    There  are  no  well-defined  plates. 

"Quartz  occurs  in  small  and  inconspicuous  grains.  It  forms  a  very  small 
part  of  the  rock  and  is  accessory  rather  than  essential. 

"There  are  a  large  number  of  small  crystals  of  titaniferous  magnetite  or 
limonite,  generally  associated  with  the  biotite.  The  presence  of  titanium  is 
shown  by  the  dirty  white  titanlte,  which  surrounds  these  crystals. 

"  Secondary  minerals  are:  Kaolin  and  sericite,  along  cracks  in  the  feldspars; 
chlorite,  replacing  biotite;  patches  of  calclte;  and  titanlte  associated  with  the 
magnetite." 
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BASAL  OONGLOMEBATE. 

The  basal  conglomerate,  in  some  places  at  least,  overlies  the  igneous  base- 
ment ;  however,  this  does  not  appear  anywhere  to  have  the  strong  development 
it  has  in  the  Benguet  region. 

This  conglomerate  marks  an  unconformity,  probably  the  greatest  break  in 
the  stratigraphic  column  within  the  limits  of  the  archipelago,  and  it  differs 
from  the  conglomerate  in  the  coal  measures  by  the  fact  that  all  the  included 
pebbles  are  igneous,  whereas  in  the  case  of  the  latter  they  are  mixed  with 
sandstone,  shale,  etc.,  clearly  showing  that  they  were  not  altogether  derived 
from  the  basal  mass.  It  would  be  difllcult  to  determine  the  age  of  the  base- 
ment complex,  but  it  is  certainly  pre-Mlocene. 

In  the  region  of  Sill  Creek  we  find  a  formation  which,  taken  altogether,  I 
call  a  greenstone.  Some  phases  of  this  are  certainly  diorite,  others  are  por- 
phyritic,  and  near  the  head  of  the  creek,  at  380  meters  (1,250  feet),  there  is 
a  dark  phase  of  rock  which  may  be  a  diabase  and  hence  n  dike,  but  the  ex- 
tremely limited  exposure  of  the  outcrop  prevented  my  being  absolutely  certain. 
A  very  Important  question  affecting  our  knowledge  of  the  extent  of  the  coal 
on  the  north  side  of  the  Danao  River  Is  whether  or  not  this  upi^er  portion  of 
the  formation  In  Sill  Creek  might  not  be  an  intrusive  or  even  an  extrusive, 
like  the  flow  south  of  the  Cot-Cot  River.  We  might  then,  in  the  event  of  this 
proving  to  be  so,  expect  to  find  the  coal  beds  below  and  possibly  exposed  some- 
where in  the  bed  of  Sill  Creek.  Nowhere  in  this  channel  was  any  coal  for- 
mation encountered,  but,  on  the  other  hand,  a  clean  section  of  several  hundred 
feet  of  greenstone  was  observed. 

I  found  the  greenstone  in  this  stream  at  an  elevation  of  238  meters  (780  feet) 
with  marked  Jointing,  the  directions  and  dips  of  which  are  as  follows :  South 
25*"  east,  dip  60°  northeast;  north  82"*  west,  dip  76""  northeast;  south  40 "*  west, 
dip  40°   southeast. 

THE  COAL  UBASURES. 

I  have  divided  the  coal  measures  into  two  subdivisions  for  purposes  of  con- 
venience in  description,  although  in  the  field  I  have  found  no  sharp  line  be- 
tween these.  The  lower  part  of  the  measures  consists  of  gray  shales,  the  upper 
portion  of  a  coarse,  gray  sandstone.  There  are  five  coal  seams.  I  have  mapped 
the  slates  and  sandstone  under  one  color  (the  blue),  because  it  is  practically 
impossible  to  separate  them  in  the  field. 

The  photograph  (PI.  II)  shows  the  contact  of  the  coal-measure  shales  with 
the  basal  conglomerate.  It  also  shows  the  intense  plication  in  the  weaker 
rocks,  where  they  abut  on  the  resistant  igneous  base. 

The  shales,  as  this  stream  (the  Suqui)  is  ascended,  become  more  and  more 
coarse  until  the  coal  seams  are  encountered  where  a  grit  appears.  There  are 
about  60  or  100  centimeters  (2  or  3  feet)  of  clay  and  shale  Just  above  the  **  En- 
rlqueta  "  vein,  then  the  coarse  gray  sandstone  comes  in,  and  from  there  on  up 
to  the  base  of  the  limestone  all  outcrops  (which  are  very  few  indeed)  show 
sandstone.  This  sandstone  in  its  comi)08ition  very  clearly  demonstrates  that 
it  was  largely  derived  from  the  igneous  material  near  at  hand,  and  we  may 
infer  that  the  only  high  land  at  the  time  of  its  formation  consisted  of  the 
diorite  and  greenstone  hills  which  stood  above  and  Immediately  to  the  westward 
of  the  tidal  swamps  in  which  the  coal  was  forming.  We  can  estimate  the 
thickness  of  the  sandstone  only  approximately,  but  considering  the  outcrops  oo 
the  slopes  of  Mount  Licos  I  believe  it  to  be  not  over  150  meters  (500  feet). 
It  is  very  improbable  that  there  is  an  unconformity  between  the  shales  and 
the  sandstone.  Numerous  observations  of  the  strike  and  dip  of  these  forma- 
tions show  the  strike  in  general  to  vary  from  north  27**  east  to  north  55'  east, 
and  the  dip  anywhere  from  20**  to  90  southeast.  In  the  region  to  the  west 
of  the  Mount  Licos  workings  and  in  the  arroyos  which  head  in  or  near  the 
igneous  formation  I  found  some  westward  dips  at  rather  high  angles,  showing 
complete  overturn,  but  this  is  to  be  expected  as  the  igneous  rock  is  approached. 

There  is  every  reason  to  believe  that  the  limestone  rests  unconformably 
above  the  sandstone.  This  formation  has  two  well-marked  phases;  the  lower 
characterized  by  being  softer,  more  of  a  yellowish  color  and  so  far  appearing 
to  be  unfossiliferous ;  it  also  is  more  stratified  than  the  upper  part;  the  upper 
portion  is  a  very  white,  liard,  sometimes  crystalline  limestone,  revealing  little 
regularity  of  structure. 

Before  describing  it  in  detail  I  should  discuss  two  other  formations  which 
(K^cur  in  the  stratigraphic  column  l)etween  the  sandstone  and  the  limestone. 


MINERAL  RESOURCES,   MINES,   AND  MINING.  429 

Both  of  these  are  terrestrial  deposits — the  first  or  lower  is  a  conglomerate 
made  up  of  igneous  sandstone,  shale,  and  slaty  pebbles.  The  very  reddish-brown 
color  of  both  the  pebbles  and  the  matrix,  the  evidence  of  oxidation,  and  the 
general  heterogeneous  character  of  the  pebbles  show  pretty  clearly  that  this 
formation  is  in  the  nature  of  a  flood-plain  deposit,  or  as  Professor  Barrell 
would  call  It,  Piedmont  deposit.  On  the  map  this  Is  denoted  by  the  brown 
color,  and  the  formation  is  to  be  found  extensively  developed  on  the  east  side 
of  Mount  Licos.  In  places  it  is  at  least  90  meters  (300  feet)  thick,  and  it  may 
be  more.  A  renmant  of  it  is  found  in  the  hogback  in  the  bottom  of  the 
Cajumayjumayan  Valley  and  in  several  other  Isolated  patches  above  the  coal. 
The  pebbles  in  this  formation  are  usually  small ;  I  saw  none  exceeding  2  inches 
in  diameter. 

The  second  terrestrial  deposit  of  consequence  in  this  field  is  the  andesite 
just  south  of  the  Cot-Cot,  the  extension  of  which  I  have  already  alluded  to. 
I  have  mapped  a  series  with  this  formation,  which  is  rather  difficult  to  demar- 
cate and  separate  from  the  andesite  because  when  the  two  are  weathered 
they  strongly  resemble  one  another.  This  series  Abella  alluded  to  as  tobas, 
which  means  a  clastic  rock  derived  from  the  wear  of  other  rocks,  chiefly  igneous ; 
we  would  call  them  graywackes.  Some  rocks  of  pyroclastic  origin  are  also 
doubtless  associated  with  these.  The  best  place  to  see  these  graywackes  is  in 
the  gorge  of  the  Cot-Cot  just  above  Muao,  where  they  can  be  seen  dipping  at  a 
low  angle  to  the  east;  and  above  them  at  approximately  300  meters  (1,000 
feet)  elevation  is  the  andesite  capping. 

Petrographlc  descriptions  of  both  the  andesite  and  the  detrltal  material  made 
for  me  by  my  colleague,  Mr.  H.  G.  Ferguson,  are  given  below : 

"CEBU  NO.  45. — ABKOSE. 

**  Hand  specimen, — Extremely  fine  grained,  grayish  rock,  the  distinguishable 
minerals  of  which  are  pink  feldspars,  quartz,  magnetite,  and  occasional  horn- 
blende ( ?).    The  grains  are  all  very  small  and  approximately  the  same  size. 

"  Microscopic. — The  rock  is  much  decomposed,  especially  the  feldspars.  Feld- 
spar is  the  most  prominent  mineral,  and  is  chiefly  orthoclase,  but  one  grain  of 
albite  was  found.  There  are  no  perfect  crystals,  but  occasional  crystal  faces 
occur.  Quartz  is  rather  rare  in  deflnite  grains,  but  seems  to  flll  spaces  between 
other  crystals.  Biotite  occurs  In  small  amounts,  but  In  bent  and  frayed  frag- 
ments rather  than  plates.  Occasional  fragments  of  hornblende  crystals  are 
present.  Magnetite  occurs  in  numerous,  small  grains,  often  partly  altered  to 
limonlte.  One  grain  of  topaz  (?),  a  few  minute  grains  of  olivine  (?),  and 
numerous  very  minute  grains  (diameter  generally  about  0.01  millimeter)  of  a 
mineral  with  high  refractive  index  and  rather  high  double  refraction,  aj)- 
parently  tltanlte,  are  the  accessory  minerals. 

"The  rock  shows  no  deflnite  structure.  The  grains  vary  in  size,  but  never 
exceed  0.25  millimeter,  and  perfect  crystals  are  never  found.  The  biotite  espe- 
cially presents  a  fragmental  appearance.  I  believe  the  rock  to  be  an  arkose, 
formed  by  the  decay  of  a  trachytic  igneous  rock  and  with  only  slight  transporta- 
tion, as  there  is  no  evidence  of  assortment  of  the  minerals. 

"  CEBU  NO.  70. — ANDESITE. 

"Hand  specimen,— The  specimen  Is  taken  from  the  contact  of  two  igneous 
rocks  of  different  texture,  one  a  greenish-gray,  aphanitic  rock  and  the  other 
more  porphyrltlc,  consisting  of  greenish  and  glassy-white  feldspars,  in  a  pur- 
plish groundmass.    The  contact  is  a  shearing  plane,  stained  with  Iron  oxide. 

'* Microscopic  {2  slides,  both  from  the  porphyritic  rock). — Feldspars  In  Idlo- 
morphlc  crystals  are  very  prominent,  but  are  all  completely  decomposed,  chiefly 
to  sericlte  aggregates,  and  are  also  to  a  large  extent  replaced  by  calcite.  One 
doubtful  case  of  albite  twinning  was  found,  which  gave  extinction  angles  corre- 
sponding to  oligoclase. 

"  Biotite  is  present  in  considerable  amount  (possibly  5  per  cent  of  the  slide). 
This  mineral  Is  Interesting  as  it  shows  different  stages  of  decomposition.  In 
part  it  has  simply  lost  a  portion  of  its  iron  content  and  become  more  hydrated, 
showing  in  plane  r>olarIzed  light  a  greenish  pleochroism  and  under  crossed 
nichols  a  much  lower  double  refraction  than  normal  biotite,  the  colors  ranging 
from  first-order  gray  to  first-order  yellow.  For  a  part  of  the  mineral,  however, 
the  alteration  has  been  more  complete  and  the  biotite  has  gone  over  to  chlorite ; 
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sometimes  both  stages  eau  be  observed  in  the  same  crystal.  Blotlte  has  alec 
suffered  somewhat  from  replacement  by  calclte. 

"  Other  dark  silicates  if  originally  present  have  been  altered  beyond  pecognl- 
tlon. 

"Magnetite  is  present  both  In  large  grains  (largest  0^  by  0.2  milliiDet«r) 
associated  with  the  biotite,  and  in  small  species  in  the  groundmass.  It  is  gen- 
erally fresh,  but  rarely  is  somewhat  -decomposed,  staining  the  surrounding  por- 
tion of  the  slide  with  iron  oxide. 

"  The  groundmass  is  for  the  most  part  a  mass  of  cloudy  decomposition  prod- 
ucts and  secondary  calclte.  Occasional  remnants  of  feldspar  microlltes  can 
be  made  out.  There  are  also  numerous  small  rods  and  specks,  visible  only 
with  the  highest  power  objectl^•e.  These  are  colorless,  brown,  and  opaque, 
but  not  clearly  resolvable.    Numerous  small  specks  of  magnetite  also  occur." 

THE  UPPER  LIMESTONE. 

The  upper  limestone  is  quite  hard,  dazzling  white  on  fresh  exposures  and  the 
boundary  of  the  formation  is  readily  followed  even  wher  it  happens  to  be 
covered  with  talus.  This  formation  is  found  in  more  or  less  detached  areas, 
it  being  remnants  of  what  was  most  probably  a  continuous  blanket  It  rarely 
reveals  any  stratification  and  hence  its  dip  and  strike  Is  generally  a  matter  of 
conjecture.  It  is  my  conception  that  prior  to  the  formation  of  this  blanket  of 
limestone  there  existed  many  irregularities  In  the  surface,  due  to  prevloas 
erosion,  and  that  the  limestone  deposit  first  filled  in  these  irregularities. 

This  horizon  of  the  limestone  in  places  is  quite  coralline,  with  many  of  the 
characteristic  genera  now  growing  In  the  surrounding  reefs.  These  corals  now 
appear  to  be  segregated  in  colonies,  although  there  may  previously  have  been 
a  continuous  reef  formation  of  which  we  have  merely  the  remnants  left,  tbe 
other  portion  having  been  destroyed  by  erosion. 

The  lower  part  of  the  formation  is  in  places  very  fossiliferous  and  the  mol- 
lusca  now  fossilized  undoubtedly  lived  In  colonies,  as  we  know  them  to  do  to- 
day. At  an  elevation  of  275  meters  (000  feet)  and  near  the  barrio  of  Mabasa 
I  found  a  great  many  fossils  which  had  weathered  out  of  the  rock.  They  are 
all  casts  and  a  number  of  them  are  In  ix>or  condlton.  (Pla  III  and  IV.  > 
Some  of  the  genera  represented  are :  Ccrithium,  Fusus,  Turho,  Natica,  Teredina^ 
Trochus,  Bulla,  Pecliti,  Dosinia,  and  Conus. 

It  Is  not  my  Intention  to  make  this  a  paleoqtologic  discussion  and  therefore  I 
shall  leave  these  fossils  with  the  statement  that  I  have  compared  them  with 
many  of  Martin's  illustrations  in  his  monograph  on  the  Tertiary  of  Java  and 
have  found  many  that  I  believe  to  be  Identical  with  those  from  which  his 
illustrations  are  taken. 

I  have  thought  it  best  not  to  treat  of  the  paleontology  at  this  time,  as  it  is 
my  purpose  later  to  prepare  a  monograph  on  the  Tertiary  fossils  of  the  Phil- 
ippines. 

Foraminlferal  tests  can  be  found  at  nearly  any  point  where  a  piece  of  this 
limestone  is  chipped.  The  genus  LepidocycUna  (Orhitoides)  predominates. 
Generally,  these  fossils  are  found  most  thickly  near  the  base  of  the  upper  white 
limestone;  they  are  much  larger  In  this  situation  than  in  the  upper  horizons 
and  I  believe  them  to  be  of  quite  a  different  species.  The  two  best  localities 
in  which  to  find  these  Orbitoides  are  at  Mount  I^ntauan,  near  the  large  sink 
hole  at  the  eastern  end  of  the  ridge,  and  at  320  meters  (1,050  feet)  elevation 
on  the  southwest  slope  of  Mount  Llcos,  where  the  trail  passes  around  to  the 
coal  workings. 

Another  characteristic  form  found  in  this  limestone  is  the  marine  alga 
TJthothamnium  ramossisium  Reuss.  This  Is  shown  In  two  sections  on  Plates 
III  and  IV. 

There  seems  to  be  little  question  but  that  this  is  the  same  horizon  as  the 
Bagulo,  Thella  Pass,  Blnangonan,  and  Masbate  upper  limestones.  Following 
Martin  *  In  his  work  on  Java,  and  Newton  and  Holland  ^  on  Formosan  fossils, 
I  have  been  inclined  to  assign  this  formation,  at  least  this  horizon  of  it,  to  the 
Miocene,  although  fossils  from  a  very  similar  limestone  which  I  have  also  ex- 
amined in  the  field  in  Batan  Island  have  been  classified  by  a  European  paleon- 
tologist <^  as  Ollgocene.    The  fossils  so  classified  were  collected  by  Mr.  O.  Hal- 

a  Tertlarschlchten  auf  Java,  Leyden   (1880). 

»  J.  Coll.  Scl.  Imp.  TTnlv.,  Tokyo  (1902),  17,  art.  6. 

<^Relnholt,  O.  Halvorsen :  Engineering  Journ.  (1906),  30,  510. 
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vorsen  Relnholt  and  he  simply  states  that  they  came  from  above  the  coal. 
However,  I  suspect,  Judging  from  similar  forms  which  I  collected  myself  on 
Batan  Island,  that  his  forms  did  not  come  from  the  uppermost  horizon,  there- 
fore future  search  and  study  of  the  fossils  already  collected  may  reveal  this 
Ollgoceue  horizon  in  Cebu. 

It  will  be  of  interest  to  attempt  to  correlate  our  Cebu  section  with  Verbeek's  <» 
classiflcation  of  the  Eocene  in  Java  as  amended  In  1892,  which  is  as  follows : 
Stage  IV.  Orbltoides — Miocene. 

III.  Marl  sandstone — Oligocene. 
II.  Quartz-sandstone — Eocene. 
I.  Breccia  stage — basal  conglomerate. 

This  scheme  is  more  in  accord  with  Martin's  idea  as  expressed  in  1900,  as 
follows : 

"  Quaternary :  consisting  of  fluviatlle  and  marine  deposits,  the  latter  rich  in 
Mollusca,  and  at  some  localities  remains  of  whales. 

•* Upper  Pliocene;  represented  by  the  Rendon  beds,  rich  in  remains  of 
Stegodon  and  Cervus,  containing  also  Pithecanthropus  erectvs  Dub. 

"Pliocene-Miocene,  or  the  Java  series,  possibly  including  some  pre-Miocene 
rocks.  This  constitutes  the  greater  part  of  the  Island  of  Java  and  most  of  the 
fossils  from  the  island  which  have  been  described  come  from  it.  Among  them 
are  Lepidocpclina  and  Cycloclypeus.  This  series  extends  northward  through 
the  Philippines  to  central  Japan. 

**E3ocene;  marine  beds  of  small  extent  with  Nummulities,  Alveolina,  and 
Orthophragmina.    They  contain  coal. 

"  Cretaceous  limestone  with  Obitolina  from  Banjoemaas.  This  rock  Is  not 
known  to  exist  at  other  points  In  Java." 

By  comparison  with  the  table  on  page  427  it  will  be  seen  that  my  column  is 
fairly  well  in  accord  with  Verbeek's  divisions  In  Java  and  with  Martin's  Plio- 
cene-Miocene or  Java  series. 

Recent  formations. — The  latest  deposits  to  be  laid  down  in  this  region  are 
those  which  are  still  forming  in  the  river  bottoms,  on  the  coastal  plains  where 
the  streams  issue  from  the  mountains,  and  along  the  coast ;  but  in  our  limited 
field  we  need  only  refer  to  two  of  these,  the  river-bottom  deposits  and  the  talus 
slopes,  for  these  are  In  part  alluvial,  although  gravity  Is  probably  much  the 
most  potent  agent  In  producing  the  latter,  whereas  water  Is  the  cause  of  the 
former. 

All  the  waters  in  this  region.  In  addition  to  the  mechanical  detritus  of  the 
streams,  carry  a  large  quantity  of  lime  in  solution.  This  is  g«ierally  deposited 
on  the  shales  of  the  coal  measures.  I  have  picked  up  fresh- water  snail  shells 
which  had  a  coating  of  half  an  Inch  in  thickness  of  calcium  carbonate. 

Stmotnre. 

The  importance  of  geologic  structure  is  nowhere  exemplified  as  it  is  in  a  coal 
field.  Not  only  the  condition  of  the  coal  is  generally  greatly  changed  by  an 
increase  in  the  Inclination  of  the  strata,  but  the  cost  of  mining  is  enhanced 
almost  in  geometric  ratio  under  certain  conditions,  an  instance  of  such  condi- 
tions being  those  under  which  the  miner  is  forced  to  work  down  the  dip,  haul- 
ing the  coal  up  an  Incline  by  steam  or  electricity,  and  where  It  is  necessary  to 
pump.  In  discussing  the  structure  of  this  district  I  shall  merely  make  mention 
of  the  structure  of  the  coal  measures.  The  general  strike  of  the  formations  on 
the  east  coast  of  Cebu  is  north  and  south,  but  in  the  Compostela-Danao  region 
the  Cordillera  swings  somewhat  to  the  east  and  likewise  the  strike  of  the  coal 
measures  changes  to  about  north  25''  east  The  dip,  which  on  this  side  Is 
generally  easterly,  changes  to  southeast.  It  is  not  uniform,  uninterrupted,  and 
always  to  the  east,  but  In  some  places  the  formation  is  plicated  to  an  extreme 
degree,  with  westerly  dips.  An  Instance  of  the  close  folding  is  shown  In  the  cut 
of  the  tramroad  Just  below  the  Camarin  at  Camansi,  and  again  In  Suqul  Creek, 
where  the  igneous  rock  is  approached.  Besides  this,  there  seems  to  be  abundant 
indication  of  a  minor  north  and  south  cross  folding,  but  this  Is  not  a  bad  fea- 
ture, as  it  is  not  noticeable  except  over  great  distances. 

I  am  not  able  to  assert  that  much  indication  of  faulting  appears  on  the  sur- 
face, although  I  suspect  it  to  have  been  considerable,  but  of  a  minor  character, 
in  this  district,  and  until  more  underground  data  are  acquired  I  shall  dispense 

•Neues  Jahrb.  filr  Mineralogle,  etc.  (1892),  66. 
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with  further  discussion  of  this  feature,  merely  stating  that  in  the  very  limited 
workings  of  the  Si)aniards  several  faults  were  encountered;  but,  according  to 
Abella,  who  examined  them  all,  they  were  neither  sufficiently  great  nor  numer- 
ous to  cause  any  serious  difficulty  In  mining  o|)eratlons. 

I  shall  now  briefly  summarize  the  geological  history  of  this  district  before 
passing  on  to  the  discussion  of  its  economic  phases.  We  may  think  of  a  basal 
mass  of  igneous  rock  with  little  or  no  sediment  covering  it.  Whether  this  wa<! 
a  part  of  the  mainland  of  a  then  extended  continent  or  an  outlying  island  mass 
we  can  not  at  present  say.  Tliis  Igneous  mass  must  have  had  some  elevation, 
otherwise  the  later  sediments  could  not  have  been  formed.  About  this  igcneouic 
mass  a  coral  platform  undoubtedly  formed  in  places.  This  grew  up  to  a  limit- 
ing plane,  the  sea  level.  I^pon  this  the  detritus  of  the  hills  poured  and  made  a 
shelf.  This  substructure  of  coral  may  have  been  lacking  in  other  parts.  At  nil 
events,  there  were  low,  tidal  flats  girting  the  elevated  igneous  mass  at  the  be- 
ginning of  the  Eocene.  These  flats  were  the  sites  of  unusually  rank  forests,  ami 
dei)osits  began  to  form  which  afterwards  were  to  l>ecome  coal.  Sinking  of  the 
whole  mass  must  have  begun  at  this  time  and  later  elevation  again  occnrred. 
There  were  periods  of  quiescence,  followed  by  oscillations  of  level.  In  which 
shales  and  coarse  sandstone  were  alternately  deiK)8ited  above  the  coal  beds. 
Finally,  there  came  at  the  close  of  the  Eocene  a  subsidence  so  great  that  the 
entire  mass  sank  under  the  sea  and  a  coral  mantle  was  de|)oslted  over  the  wh(»}e 
region.  At  the  close  of  the  Miocene,  which  was  the  period  of  the  deposition  of 
the  limestone,  there  occurred  a  period  of  uplift  and  rather  |)ronounce<l  foldln£ 
of  the  strata.  Since  that  time  erosion  has  denuded  the  area  of  a  lan?e  jnrt  trf 
its  mantle  of  limestone,  uncovering  the  coal-bearing  formations  below. 

Geology:  Eoonomio. 

HISTORY   OF  THE  DISTRICT. 

As  the  complete  history  of  the  discovery  of  coal  and  operations  in  Cebu  i* 
recorded  in  "  The  Coal  Measures  of  the  Philippines,"  <»  which  is  simply  a  com 
pilatlon  and  translation  from  the  Spanish  records,  I  will  only  in  this  place 
summarize  what  was  given. 

Coal  was  discovered  in  Cebu  in  1827.  The  first  concessions  in  the  Compostela- 
Danao  region  were  solicited  by  Isaac  Conui  in  1871.  A  wagon  road  was  buiJt 
from  Cot-Cot  cove  to  the  workings  at  Dapdap  In  1877.  The  formation  of  the 
association  known  as  the  Socledad  Nuevo  Langrea  and  the  beginning  of  actual 
work  took  place  about  1890.  The  construction  of  a  tramroad  from  Danao  to 
Cnmansl  and  from  Compostela  to  Mount  Llcos  was  undertaken  In  1895.  Then 
followed  the  Spanish-American  war  In  1898.  In  this  year  all  the  concessions  In 
this  district  came  Into  the  hands  of  Mr.  Enrique  Spitz.  These  concessions  bav^ 
changed  hands  again  and  are  controlled  by  the  Insular  Coal  Company,  which 
is  now  In  the  field  carrying  on  exploratory  work. 

Operations, — It  will  be  sufl^clent  at  the  present  time  to  state  that  two  ccnv 
imnies,  of  which  the  Insular  Coal  Company  Is  one  and  the  other  a  New  York 
syndicate,  are  vigorously  Investigating  these  fields ;  the  Insular  Coal  Company  in 
the  Mount  Llcos  and  Camansl  regions,  the  latter  in  the  Cajumayjumayan 
Valley.  As  both  these  companies  seem  to  be  very  much  in  earnest  and  backed 
by  responsible  men  who  command  considerable  capital,  we  should  obtain  as  a 
result  of  their  investigations  a  far  more  thorough  knowledge  of  these  fields 
than  we  now  have. 

The  district  is  one  in  which  the  geology  is  very  complicated,  but  not  more  a». 
It  Is  believed,  than  that  of  other  coal-bearing  areas  of  the  archipelago.  It 
certainly  has  some  features  possessing  advantages  over  other  parts  of  the 
Island  of  Cebu,  although  coal  may  be  found  in  almost  all  districts  of  the  island. 

COAL  SEAMS. 

The  three  fields  at  present  being  developed  are  rather  limited,  but  amply 
suflaclent  for  a  considerable  production  of  coal.  Various  estimates  have  beeii 
made  of  the  possible  tonnage,  some  of  which  are  founded  on  guesswork  and 
are  very  wild.  A  very  conservative  estimate  would  be  2,000,000  workabl#*  tons 
in   the  Cajumayjumayan   Valley  and  2,000,000  to  4,000,000  in   the  combined 

«  Burrltt,  Chas.  H. :  Wash.  (1901). 
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Mount  Llcos  and  Camansi  fields.  The  coal  seams  are  rather  highly  Inclined, 
from  30**  to  90**,  which  would  necessitate  some  system  like  the  "battery" 
being  employed.  The  proper  drainage  of  the  workings  will  be  a  serious  factor. 
Both  the  roof  and  floor  are  weak,  the  floor  being  of  shale  and  fire  clay,  and 
the  roof  of  shale  or  friable  sandstone.  Great  care  will  need  to  be  taken  In 
timbering.  There  will  also  be  increased  expense  for  timber,  because  the  greater 
part  of  it  will  need  to  be  brought  from  some  distance,  probably  from  another 
Island  (see  Forester  EJreretfs  timber  report  in  the  first  part  of  this  paper). 
Methods  for  preservation  of  mine  timbers  must  be  devised.  However,  when 
molave  is  used  the  timbers  will  last  for  many  years;  in  fact,  I  have  examined 
such  timbers  which  were  for  nearly  ten  years  completely  burled  in  loose  earth 
in  the  Enrique  Abella  tunnel,  and  they  were  perfectly  sound.  It  must  be 
remember^  that  timber  does  not  last  underground  proportionately  as  long  in 
the  Tropics  as  in  higher  latitudes.  Fore  poling  and  lagging  will  be  necessary 
in  the  shafting  and  drifts. 

There  is  evidence  of  considerable  minor  faulting,  but  probably  none  which 
will  seriously  affect  mining  operations.  There  are  five  known  coal  seams,  at 
least  three  of  which  should  be  profitable;  two  of  these  are  over  10  feet 
thick  in  one  part  of  the  fleld.  The  following  beds  were  encountered  at  Mount 
Llcos,  from  west  to  east ;   that  is,  from  the  lowest  to  highest : 

1.  The  Carmen:  Thickness,  1.60  meters;  strike,  northeast-southwest;  dip,  30' 
southeast;  40  meters  interval. 

2.  Esperanza :  50  centimeters ;  strike  the  same  as  above ;  dip  same ;  9  meters 
Interval. 

3.  Enrique  Abella :  thickness,  1.20  to  1.50  meters;  strike,  north  23*  east;  dip, 
40°  to  southeast;  40  meters  interval. 

4.  Pilarlca  :  Thickness,  1.40  meters ;  strike,  north  23**  east ;  dip,  30**  southeast. 
There  formerly  existed  over  300  meters  of  drifts  at  the  old  Llcos  workings. 

About  100  tons  of  coal,  taken  from  the  Esperanza,  Ramonclta,  and  EJnrlque 
Abella  galleries  have  been  on  the  dump  for  three  or  four  years.  In  this  time 
the  coal  has  not  taken  fire,  nor  has  it  "  alrslacked  "  very  greatly,  which  bodes 
good  for  its  handling  and  storing.  The  coal  throughout  the  district  is  remark- 
ably free  from  dirt,  "  butter,"  and  "  bone,"  and  is  quite  low  In  sulphur. 

We  believe  that  this  coal  will  ultimately  find  its  greatest  utility  as  a  gas 
producer,  and  with  this  end  In  view  it  should  be  mentioned  that  Doctor  Cox, 
of  this  bureau.  Is  devoting  much  of  his  time  to  experimenting  on  this  problem. 
It  Is  hoped  that  at  no  distant  date  the  bureau  of  science  will  be  able  to  make  a 
practical  demonstration  in  this  direction.  The  Philippine  Commission  has  Just 
appropriated  a  sum  sufficient  to  cover  the  expense  of  installing  a  producer 
gas  plant  at  the  laboratory  of  this  bureau. 

Dr.  A.  J.  Cox  has  added  a  contribution  from  his  own  chemical  investigations. 
His  report  is  as  follows: 

**  The  quality  of  the  coal  from  the  Cebu  flelds  is  no  exception  to  the  general 
average  of  this  commodity  In  the  Philippines.  I  have  been  over  a  large  part 
of  the  territory  and  have  analyzed  samples  from  all  the  sources  where  coal  Is 
known  to  occur.  None  of  the  samples  show  a  woody  structure,  and  in  general 
the  coal  is  compact,  lustrous,  and  commonly  has  both  hackly  and  concholdal 
fracture.  The  coal  as  mined  is  very  black,  but  when  finely  powdered  (60  mesh) 
it  assumes  a  tinge  of  brown.  It  is  of  the  noncoking,  subbitumlnous  to  bitumi- 
nous variety.  The  latter  class  Is  perhaps  best  represented  by  that  from  the  Com- 
postela  region.  In  this  fleld  the  active  work  which  is  now  being  carried  on  is 
beyond  the  prospecting  stage,  so  that  more  definite  information  is  at  hand 
regarding  the  extent  of  the  deposits  and  thoroughly  average  samples  have  been 
obtained  for  chemical  work.  A  study  of  the  volatile  matter  from  this  coal  shows 
It  to  contain  a  fairly  good  percentage  of  heavy  hydrocarbons,  and  It  could 
probably  be  used  successfully  as  a  gas  coal.  The  composition  of  the  gas  and  the 
yield  from  this  coal  Is  not  greatly  different  from  that  obtained  from  Polillo « 
coal.  Attention  has  already  been  directed  to  the  peculiar,  elliptical,  pit-like 
markings  which  characterize  Compostela  coal.* 

"  I  have  analyzed  a  great  many  samples  from  both  the  Carmen  and  Compos- 
tela fields.  Some  of  the  results  have  already  been  published,<»  and  other  more 
recent  determinations  will  be  printed  in  a  future  communication.    Barring  dllu- 

"Cox,  A.  J. :  This  Journal  (1906),  1,  898. 
>  Ibid.  Sec.  A,  Gen.  Sci.  (1907),  2,  50. 
«  Ibid,  52. 
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ents,  water,  ash,  sulphur,  etc.,  and  considering  the  relation  of  the  percentage  <rf 
volatile  combustible  matter  to  fixed  carbon,  wlilch  by  many  authoritieB  Is  taken 
as  tlie  criterion  of  classification,  there  Is  a  surprising  regularity  in  the  analyses 
of  all  of  the  samples  taken  from  a  single  field.  The  averages  of  all  the  samplA 
give  the  following  results: 

Averages  of  analyses  of  Cebu  coals. 

[The  flgnres  give  percentages.] 


Forth< 

1    Mini- 
mum. 

18.5 

88 

i  Caimen  xogion. 
JJ^     Average. 
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Mazi. 

mnm, 

A,rm^ 

Moteture 

21.6 
88 
49.3 
8 

1«.70 
85.10 
48.92 
4.28 

7.5 
85.1 
61.8 

1 

9.5 
88 
62.8 

8.8 

Km 

86.1^ 

Fixed  carbon 

88.7 

a.% 

Aah 

1           1 

2.71 

Total 

108 
.67 
5,880 

198 

Sulphur 

Calorific  value  in  calories.... 

1 

4.820 

2.7 
5,920 

.2 

L8 

.71 
6*880 



^'Although  a  careful  study  has  been  made  of  all  the  Philippine  coals  thus 
far  discovered,  not  a  single  sauiple  of  coking  coal  has  been  found.  The  nae 
fulness  of  a  coke  in  this  archi|)elago  Is  well  recognized,  for  were  it  to  be 
readily  accessible  the  iron  Industry  would  be  in  line  for  development.  In  view 
of  this  I  have  tried  to  make  coke  In  various  ways.  The  coal  from  the  Cam 
postela  region  yields  a  certain  per  cent  of  tar  and  it  was  thought  that  by  mix- 
ing this  product  with  the  coal  itself  before  charging  into  the  coke  ovea»  a  go«i 
coke  might  result.  Several  experiments  were  made.  The  pulverized  coal  aad 
tar  in  varying  amounts  up  to  12  per  cent  of  the  weight  of  the  coal  weK 
warmed  to  110°,  intimately  mixed,  and  then  subjected  to  a  heat  similar  to 
that  of  a  coke  oven ;  In  fact,  the  heat  was  varied  to  cover  tlie  Tarious  ranges 
present  In  coke  ovens.  All  experiments  gave  negative  results.  la  none  ol 
them  was  there  more  than  a  semblance  of  coke,  consequently  for  tba  preMot 
we  must  give  up  the  hope  of  obtaining  coke  In  these  islands.** 

I  have  added  below  a  copy  of  an  analysis  of  the  upper  limestone  whlcli  will 
be  of  interest  In  view  of  the  fact  that  possibly  a  cement  plant  will  be  erected  in 
this  region  at  some  future  date.  As  this  paper  has  been  devoted  aloK^flt  en- 
tirely to  the  question  of  the  coal,  I  shall  not  discuss  this  matter  farther  at  tht 
present  time. 

The  absence  of  magnesia,  which  seems  to  be  characteristic  of  recent  liow- 
stones,  should  be  noted. 

Analysis  of  the  limestone. 

Per  cent. 

Insoluble  acid 0.36 

Fe.0.1  ^ 

AW)./ '^^ 

CaO 55.62 

Loss  on  ignition 43.50 

HaO  at  110*  C .17 

Total 09. 83 

Labor. 

Labor  conditions  on  the  whole  are  good  in  Cebu,  and  in  the  Oompostefah 
Danao  district  the  natives  have  more  or  less  fttmiliarity  with  nndersittund 
work,  gained  by  experience  of  a  score  of  years  under  the  tutelage  of  the  Span- 
iards. The  present  wage  in  this  field  is  40  centavos  and  sobeistence,  fbr  the 
outside  laborers,  and  50  centavos  for  the  underground  man;  however,  of  late 
the  Insular  Ck)al  Company  has  found  it  best  to  pay  so  much  a  foot  for  driving 
a  drift.  The  price  per  foot  will  of  course  vary  according  to  conditions.  The 
Philippine  Railroad  Ck>n8truction  Company  has  floond  the  native  labor  to  be 
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very  satisfactory.  In  their  work  thousands  of  natives  are  used  at  a  wage  of  50 
centavos  and  subsistence.  The  subsistence  is  arranged  for  by  contract  with  a 
Chinaman.  It  is  the  belief  of  many  in  these  islands  that  the  Vlsayaus  are  the 
best  laborers  of  any  of  the  tribal  groupa  However,  this  is  a  matter  more  or 
less  of  personal  opinion. 

Transportation. 

The  new  railroad  from  the  city  of  Cebu  to  Danao,  a  distance  of  32  kilome- 
ters (20  miles),  is  completed  at  this  date.  From  Danao  to  the  Camansi  work- 
ings is  a  distance  of  about  8  kilometers  (5  miles)  with  a  rise  of  75  meters  (250 
feet).  There  is  now  a  tramroad  over  this  course,  an  heirloom  from  the  Spanish 
regime;  but  this  will  need  to  be  replaced  by  new  rails  and  more  clearing  will 
have  to  be  done  before  any  extensive  work  is  undertaken.  The  transportation 
problem  in  the  other  parts  of  the  district  will  not  be  so  simple  and  I  believe 
overhead  cables  or  Inclined  planes  will  be  found  to  be  necessary. 

Beoommendations. 

I  would  caution  any  company  which  intends  any  great  outlay  of  money,  thor- 
oughly to  explore  the  field  with  drills  or  by  means  of  numerous  drifts.  I  do  not 
believe  the  diamond  drill  will  be  best  for  these  soft  formations,  but  a  chum  or 
a  calyx  drill  should  be  on  hand  for  certain  parts  6f  the  work.  The  disad- 
vantage in  using  such  a  drill  is  the  difficulty  found  in  obtaining  an  accurate 
record  of  the  formations  encountered.  It  would  be  foolish.  Judging  from  the 
folded  condition  of  the  rocks,  to  suppose  that  the  beds  will  continue  as  they  ap- 
pear along  the  outcrops.  Wltl;iout  more  records  from  shafts,  drifts,  or  bore 
holes,  I  should  consider  any  estimates  as  to  the  quantity  of  coal,  the  position 
of  the  beds,  and  their  condition  to  be  little  more  than  guesswork. 

The  vicinity  of  Luguayan  Creek  on  the  eastern  edge  of  the  map  should  be 
prospected,  as  here  the  coal  is  found  exposed  below  the  upper  conglomerate.  It 
is  probable  that  in  this  position  the  beds  are  less  folded  than  they  are  farther  to 
the  west.  I  should  even  go  so  far  as  to  predict  the  finding  of  good,  regular  beds 
underlying  the  more  level  country  near  Danao.  The  saving  in  transportation 
and  the  greater  regularity  of  the  beds  might  more  than  offset  the  cost  of  sink- 
ing a  shaft  and  pumping. 

I  may  also  add  that  drilling  in  the  vicinity  of  the  andeslte  formation  might, 
not  improbably,  discover  anthracitlzed  coal,  should  the  andesite  come  in  con- 
tact with  the  coal  bed  at  any  point.  This  has  been  known  to  be  the  case  In 
the  anthracite  region  of  Colorado,  in  the  United  States. 

In  conclusion  it  should  be  said  that  the  coal  formation  in  this  district  does 
not  differ  greatly  from  that  of  Batan  Island,  and  operations  In  either  field  will 
necessitate  considerable  outlay  of  capital.  Furthermore,  the  problem  con- 
nected with  coal  mining  in  eltha:  field  will  tax  the  ingenuity  of  any  engineer 
and  it  will  be  a  saving  in  the  long  run  to  spare  nothing  In  order  to  get  the 
best  man  available. 

[NoTX.— The  followlDg  iUuitratioiis  aooompanyliig  this  report  are  on  file  in  the  War  Department! 

Plats  I.  View  of  the  country  in  the  vicinity  of  Siglo  XX.    Mount  Licos  in  the  right 
background.    The  formation  in  the  foregroond  is  extrusive  igneous  rock. 
II.  Contorted  coal  measure  shales  at  contact  with  basal  igneous  mass. 

III.  LUhothamnium  ramoigitimum  Renss. 

IV.  lAthathammum  ramoetmmum  (?)  Reuse. 

V.  Mount  Mangilao,  showing  the  base  of  the  upper  limestone. 
VL  Panorama  south  of  the  Cot-Ck>t  River  from  Camp  Clark. 
VII.  About  1  mile  east  of  Camansi  on  the  line  of  the  old  tramway  to  the  coal 

workings. 
VIII.  Coal-measure  shales  dipping  to  the  east  in  Snqui  Creek. 
IX.  Characteristic  vegetation  and  topographv  in  the  coal  regions. 
X.  Showing  structure  in  shales  on  the  Pare!  River. 
XI.  Cirque-uke  valley  in  the  hills  to  the  west  of  Camp  Clark. 
Xn.  Rubble  limestone  exposed  in  a  gorge  of  the  Danao  River. 

XIII.  The  upper  limestone  dipping  to  the  east  in  a  p[0ige  of  the  Danao  River. 

XIV.  The  '*£nriaue  Abella  '*  entry,  CTompostela  mines. 
XV.  Plan  of  worxings  of  the  O>mpoetela  mines. 

Map  No.  1. 
Map  No.  2, 


(From  the  Far  Bastcm  Review.  June*  1907— Illustrated  Philippine  Mining  Edition.) 

COAL  IH  CEBU. 
By  W.  D.  Smith,  Acting  Chief  of  Division  of  Mines. 

Never  before,  in  all  probability,  has  the  outlook  for  a  healthy  colliery  industry 
ai)i)eared  brighter  iu  these  islands.  Two  of  the  old  camps  left  in  such  a  sad 
way  largely  through  the  vandalism  of  insurrectos  are  being  rehabilitated,  while 
explorations  are  in  progress  in  a  third  and  entirely  new  field.  And  in  the 
meantime  1,000  or  more  laborers  are  rushing  to  completion  across  hill  and  paddy 
and  river  the  railroad  which  will  bring  this  coal  to  the  ship  sides. 

Metal  mines  of  course  help  develop  the  country;  but  we  believe  we  do  not 
exaggerate  when  we  say  that  when  these  islands  produce  their  own  coal  a  new 
and  distinct  era  will  be  inaugurated. 

At  present  there  are  three  parties  in  the  field  investigating  every  possible 
feature  of  the  coal.  A  New  York  syndicate  has  two  experts— one  a  mining  man 
and  geologist  who  in  former  years  has  been  identified  with  the  coal-mining  in- 
dustry of  Japan,  the  other  a  young  engineer  who  has  had  experience  in  West 
Virginia  and  Kentucky  coal  fields.  These  two  men  and  their  party  are  investi- 
gating a  region  in  the  vicinity  of  Mount  Mangilao,  about  6  miles  due  west  of  the 
pueblo  of  Carmen.  The  second  party  is  now  working  on  both  the  old  properties : 
Camansi,  5  miles  west  of  Danao,  on  the  river  of  the  same  name,  and  Lieos, 
about  2  miles  south  of  the  Camansi  fields.  This  party  repress ts  a  syndicate 
of  prominent  New  York  and  Manila  men.  The  third  party  is  the  government 
party,  consisting  of  one  geologist  and  one  mining  engineer  and  their  assistants. 
Their  survey  of  approximately  40  square  miles  of  territory  has  Just  been  com- 
pleted. This  survey  is  based  upon  a  topographic  map  (transit  and  stadia)  made 
about  a  year  ago  by  two  topographers  from  the  division  of  mines,  bureau  of 
science,  on  a  scale  of  2,000  feet  to  the  inch  and  with  a  contour  interval  of  50 
feet  This  map  has  been  of  immeasurable  value,  not  only  to  the  govemm^it 
surveying  party,  to  whom  It  Is  practically  indispensable,  but  also  to  the  private 
corporations  who  are  preparing  to  develop  the  mines,  as  well  as  to  other  private 
individuals  who  have  located  claims,  but  are  not  yet  prepared  to  develop  them. 

The  work  being  carried  on  by  the  two  private  parties  consists  largely  of  de- 
velopment work,  opening  up  the  coal  beds,  shafting  and  drifting  to  determine 
extent,  continuity,  etc.,  and  thorough  sampling. 

In  the  two  older  properties  already  referred  to  much  work  is  being  done  op«i- 
Ing  up  old  galleries  and  running  new  drifts. 

From  all  these  fields  large  samples  of  three  to  four  tons  each  will  be  taken 
for  a  special  grate  test,  to  be  carried  out  at  the  bureau  of  science. 

The  work  being  carried  on  by  the  government  party  consists  largely  In  geolog^i- 
cal  investigation,  i.  e.,  in  mapping  all  the  formations,  coal  measures,  limestone 
capping.  Igneous  rocks,  basal  flaws  and  Intruslves,  their  surface  extent,  bounda- 
ries, and  from  dips  and  strikes  on  the  surface  and  from  underground  work- 
ings their  i)ositlons  and  boundaries  underneath,  probable  course  of  coal 
seams,  etc. 

In  the  prosecution  of  this  work  every  stream  and  nearly  every  arroyo  has 
been  traversed,  and  every  hilltop  ascended.  In  this  work,  the  traversing  of 
streams  and  arroyos  has  been  the  most  productive  of  results,  as  it  Is  in  those 
l)laces  that  one  finds  the  best  outcrops  and  sections  of  the  beds.  The  two 
greatest  obstacles  to  the  work  In  this  field  are  the  excessive  growth  of  "  cogon  " 
and  "tlcbao"  and  the  great  accumulation  of  weathered  material  and  talus 
which  nearly  everywhere  completely  conceals  the  formations  below. 

At  this  time  it  might  be  well  to  state  some  of  the  general  features  brought 
out  by  such  a  survey  of  this  field. 
436 
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The  district  is  one  in  which  the  geology  is  quite  disturbed,  but  not  in  excess, 
it  is  believed,  of  other  coal-bearing  areas  of  the  archipelago.  It  certainly  has 
some  features  possessing  advantages  over  the  others  of  the  island  of  Cebu, 
where  coal  can  be  found  from  one  end  to  the  other. 

The  three  fields  being  developed  at  presait  are  rather  limited,  but  amply 
sufficient  for  considerable  coal  production. 

The  coal  seams  are  rather  highly  inclined,  from  30*  to  90*,  which  will  neces- 
sitate some  system  as  the  "battery"  or  some  similar  method  being  employed 
in  mining. 

Both  the  roof  and  floor  are  wealc,  so  that  great  care  will  have  to  be  taken  in 
the  timbering.  There  will  also  be  some  considerable  expense  in  obtaining 
suitable  timber  and  preserving  it  when  placed  in  the  workings.  Forepoling 
will  be  necessary. 

There  is  evidence  of  considerable  minor  faulting,  but  probably  none  that  will 
seriously  affect  mining  operations. 

There  are  probably  five  seams  that  can  be  counted  on,  at  least  two  of  which 
are  over  ten  feet  thick. 

Transportation  is  one  of  the  most  serious  items  and  it  seems  likely  that  some 
such  schemes  as  inclined  planes  or  overhead  cableways  will  have  to  be  resorted 
to  in  parts  of  the  district 

At  the  old  Licos  workings,  where  formerly  there  existed  over  300  meters  of 
drifts,  about  100  tons  of  coal,  taken  from  the  Ejsperanza,  Ramoncita,  and 
Enrique  Abel  la  galleries,  have  been  on  the  dump  for  three  or  four  years.  In 
this  time  the  coal  has  not  taken  fire  nor  has  it  "air  slacked"  very  greatly, 
which  bodes  good  for  its  handling  and  storage. 

The  coal  throughout  the  district  is  remarkably  free  from  dirt,  clay  partings, 
and  "bone"  and  is  quite  low  in  sulphur. 

We  believe  that  this  coal  will  ultimately  find  its  greatest  utility  as  a  gas 
producer,  and  with  that  in  view  it  should  be  mentioned  that  Messrs.  Oilkerson 
and  CJox  of  the  bureau  of  science  are  devoting  much  of  their  time  experiment- 
ing on  this  problem  and  hope  at  no  distant  date  to  make  a  practical  demon- 
stration in  this  direction. 

In  the  course  of  the  geological  survey  of  the  region  a  number  of  igneous  for- 
mations, both  deep  seated  and  extrusive,  have  been  found,  but  their  exact  rela- 
tions to  the  coal  will  have  to  be  worked  out  more  slowly  and  will  appear  on  the 
final  map.  It  is  not  believed  that  they  will  seriously  affect  mining  operations 
save  in  a  few  places. 


(From  the  Far  Eastern  Review,  Jan.,  1006,  p.  223.) 

SUCCESSFUL  TEST  OF  POLILLO  (P.  I.)  COAL,  AND  REPORTS  OF  EXPERTS  OK 

SAKE. 

(By  order  of  Govemor-iJeneral  Luke  B.  Wright.) 

The  Polillo  I^nd  Improvement  Company,  of  Manila,  P.  I.,  has  Just  received 
the  certified  results  of  an  ofllcial  test,  made  by  government  experts  at  the  bu- 
reau of  insular  cold  storage  and  Ice  plant  In  this  city,  of  its  coal.  The  fuel 
was  brought  to  Manila  from  the  company's  mines  on  the  island  of  Polillo, 
Philippine  Islands,  In  suflBclent  quantity  to  carry  out  a  twenty-four  hours'  test 
at  the  insular  Ice  plant,  which  was  generously  placed  at  the  disposal  of  the 
company  by  Governor-General  Wright,  whose  Interest  in  the  result  has  been 
keen  from  the  beginning.  The  governor-general  went  even  further  than  this 
by  having  the  test  made  under  the  direct  supervision  of  three  expert  mechanical 
engineers  In  the  government  service,  assisted  by  experts  of  the  bureau  of 
science,  thus  guarding  the  company  against  possible  claims  of  interested  out- 
siders that  the  test  had  not  been  impartially  made.  The  vein  of  the  Polillo 
mines  has  a  9-foot  face  and  is  apparently  Inexhaustible. 

The  test  from  every  view  point  exceeded  the  hopes  and  expectations  of  the 
most  sanguine  shareholders  In  the  company.  As  It  was  the  first  exhaustive  test 
of  any  magnitude  of  the  commercial  value  of  Philippine  coal  ever  made  In  these 
Islands,  Its  successful  issue  portends  great  activity  in  the  coal-mlnlng  Industry 
of  the  archipelago.    The  test  was  made  at  the  Ice  plant  on  December  21,  1906, 
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and  following  are  the  details  of  how  it  was  conducted,  together  with  the  renlts 
obtained: 

Department  of  Finance  aitd  Justice, 
bubeau  or  insulab  ck>lo  storage  and  ice  plant, 

Offige  of  the  Dibettob, 
Manila,  P.  I.,  January  S,  1996, 
Mr.  Louis  T.  Grant, 

Trustee  of  the  Polillo  Land  Improvement  Company,  ManUa,  P.  /. 
Sir  :  I  am  sending  you,  under  separate  cover,  an  exhaustive  report  prepared 
by  the  committee  appointed  to  make  a  twenty-four  hour  test  of  the  coal  mined 
by  your  company  and  delivered  to  this  bureau  in  Dec^nber,  1905. 

Your  company  is  to  be  congratulated  upon  the  result  of  the  test,  which  woaM 
indicate  that  your  coal  is  at  least  equal  to  the  Japanese  and  Australian  coals 
to  be  obtained  in  the  local  market.  With  respect  to  ashes  and  smoke  it  was 
much  superior  to  either  of  these,  the  percentage  of  ash  being  less  than  from 
any  coal  that  has  ever  been  burned  in  these  furnaces.  The  total  eonsmnption 
for  the  twenty-four  hours  was  18  tons  and  1,949  pounds,  the  plant  beins  oj^r- 
ated  at  practically  its  full  capacity. 

Very  respectfully,  J.  P.  E^miston, 

Director  o/  Celd  Storage, 

repcwt  of  the  coal  test. 

Manila,  P.  I^  Jamtary  S.  1906. 
?:r.  J.  F.  Edmiston, 

Director  of  Cold  Storage,  Manila,  P.  I. 
Sir  :  I  have  the  honor  to  submit  the  inclosed  report  of  a  coal  test  made  at 
t.iis  plant  on  Dcember  21  for  the  purpose  of  determining  the  commercial  effi- 
( iency  of  a  native  coal,  mined  on  the  island  of  Polillo  by  the  Polillo  Land 
Improvement  Company,  in  accordance  with  instructions  received  from  yon  to 
ronduct  the  test  and  make  a  complete  report  thereon,  trusting  that  the  same 
will  be  satisfactory. 

Very  respectfully,  J.  J.  0*Donovan, 

Chief  Engineer,  Bureau  of  Cold  Btorage. 

Manila,  P.  I.,  January  5,  1906. 
The  Polillo  Land  Improvement  Company, 

Manila,  P.  /. 

Gentlemen:  The  committee  appointed  to  conduct  a  test  of  the  coal  mined 
on  the  island  of  Polillo  by  your  company  beg  leave  to  submit  the  following 
report,  which,  for  convenience  of  reference,  is  divided  into  three  sections. 
First,  the  remarks  and  comments  of  the  committee  upon  the  details  of  the  test, 
the  condition  and  appearance  of  the  coal,  and  the  manner  in  which  it  was  con- 
sumed. Secondly,  the  commercial  test,  this  being  of  most  important  interest  to 
the  manufacturer  or  steam  user,  since  the  cost  of  producing  steam  is  the  real 
method  by  which  the  efficiency  of  any  fuel  may  be  judged.  Thirdly,  since  the 
economy  of  a  fuel  is  nearly  synonymous  with  the  efficiency  of  a  boiler,  as  a 
matter  of  engineering  simply  the  commercial  test  is  supplemented  by  an  en- 
gineering test  in  order  that  the  economy  and  efficiency  of  the  fuel  mi^t  be 
more  fully  determined. 

In  conclusion,  we  desire  to  express  our  high  appreciation  of  the  courtesies  and 
invaluable  assistance  extended  to  us  by  Mr.  J.  F.  Edmiston,  director  of  the 
bureau  of  cold  storage,  and  Dr.  Paul  C.  Freer,  director  of  the  bureau  of  scloice. 
Very  respectfully, 

J.    J.     0*DONOVAN, 

Chief  Engineer,  Bureau  of  Cold  Storage, 
D.  McChesnet, 
Master  Mechanic,  Depot  Quartermaster* a  Departmemt^ 

W.    P.    Williams, 
Chief  Engineer,  Bureau  of  sdemeB 

DETAILS  of  the  TEST. 

The  coal  was  received  at  the  bureau  of  cold  storage  in  sacks  three  days  be- 
fore the  test  was  made.    It  was  in  dry  condition,  and  several  samples  were 


MINEKAL  BESOUKCES,  MINES,  AND  MINING.         439 

taken  from  the  pile,  thoroughly  mixed  together,  and  sent  to  the  bureau  of 
science  for  analysis. 

All  the  instruments  used  during  the  test  were  carefully  standardized,  and 
typewritten  log  sheets  were  placed  at  each  station  where  data  for  the  test  was 
to  be  established,  and  every  precaution  was  taken  to  guard  against  the  possi- 
bility of  errors  being  made. 

The  test  was  commenced  at  8  a.  m.,  December  21,  and  ended  at  8  a.  m., 
December  22,  thus  continuing  throughout  twenty-four  hours.  The  test  was 
divided  into  three  periods  of  eight  hours  each,  corresponding  to  the  engine-room 
watches,  which  were  from  8  a.  m.  to  4  p.  m.,  from  4  p.  m.  to  midnight,  and  from 
midnight  to  8  a.  m.  Before  the  commencement  of  the  test  the  fire  was  thor- 
oughly cleaned,  and  the  small  amount  of  live  coal  left  upon  the  grate  was  care- 
fully estimated.  At  the  end  of  the  test  the  fire  was  again  cleaned,  a  short  time 
before  8  a.  m.,  December  22,  and  the  same  amount  of  live  coal  left  upon  the 
grate  as  at  the  start. 

Throughout  the  test  all  conditions  were  mantained  as  uniformly  as  possible, 
the  same  amount  of  work  being  done  at  all  times.  The  water  level  in  the  boiler 
was  kept  at  the  same  height,  and  the  feed  water  was  practically  the  same  tem- 
perature. A  throttling  steam  calorimeter  was  used  to  determine  the  moisture 
in  the  steam,  the  flue  gases  were  drawn  off  and  tested  by  a  chemist  detailed  for 
that  purpose  from  the  bureau  of  science,  and  the  temperature  of  the  flue  gases 
was  determined  by  a  mercurial  thermometer  inserted  in  a  pipe  through  the 
center  of  the  flue.  The  weight  of  the  coal  used  and  its  proportion  of  com- 
bustible matter  were  accurately  determined.  The  exact  weight  of  the  water 
evaporated  under  the  known  conditions  of  the  test  was  determined  with  the 
utmost  exactness,  as  well  as  the  percentage  of  moisture  in  the  steam.  Through- 
out the  test  the  records  were  checked  and  verified  by  related  observations. 

COMPOSITION  or  THE  COAL. 

The  color  of  the  coal  is  dark  brown,  and  when  broken  the  surfaces  displayed 
show  a  layer  of  carbon  which  appears  dull  and  lusterless;  the  fracture  of  the 
coal,  when  broken  across,  has  a  somewhat  resinous  appearance.  It  is  a  free- 
burning,  noncaking  coal,  an'd  bums  with  a  pale-yellow  flame.  It  lights  easily 
and  bums  well,  the  coal  breaking  apart  under  the  action  of  the  heat.  It  gives 
off  a  brown  smoke,  which  is  not  dense,  and  makes  little  ash,  the  coal  being 
almost  entirely  consumed.  In  this  it  resembles  the  better  grades  of  Welsh  coal. 
Much  of  the  ash  made  was  caused  by  the  finer  particles  of  the  coal  dropping 
through  the  grate.    This  ash  Was  burned  over  again  on  the  last  two  watches. 

The  fire  burned  without  being  <;leaned  from  8  a.  m.  until  3.30  p.  m.,  when  it 
was  brok«i  with  a  slice  bar  and  58  pounds  of  clinker,  or  solid  matter,  taken 
from  it.  The  remaining  ash  was  light  and  powdery  in  appearance.  The  fire 
was  not  again  worked  with  either  slice  bar  or  rake  until  10.30  p.  m.,  when  It 
was  thoroughly  cleaned  and  64  pounds  of  clinker  taken  from  it.  The  flre  was 
again  broken  up  at  3  a.  m.,  but  not  cleaned.  It  then  burned  well,  and  wtia 
cleaned  before  the  end  of  the  test  at  8  a.  m.,  at  which  time  the  quantity  of  solid 
matter  removed  from  it  was  68  pounds. 

The  percentage  of  carbon  in  the  form  of  decrepitated  coal  which  was  in  the 
ash  may  be  reduced  by  using  a  closer  grate  and  a  more  skillful  manipulation. 
This  would  be  determined  after  the  coal  had  been  used  in  a  plant  for  a  short 
time.  The  carbon  contained  in  the  ash  was,  broadly  speaking,  about  60  per 
cent 

The  practical  efficiency  of  a  given  coal  is  dependent,  not  only  on  its  (diemical 
coii^)ositlon  and  theoretical  heat  value,  but  to  a  great  degree  upon  its  purity  and 
the  admixture  of  earths,  moisture,  or  other  foreign  matters  which  It  contains. 
The  percentage  of  ash  being  small  when  compared  with  other  coals  it  follows 
that  the  thermal  efficiency  of  the  coal  Is  proportionately  Increased,  and  from  a 
commercial  standpoint  this  small  percentage  of  ash  decreases  the  original  cost  of 
freight  and  handling  per  heat  unit  derived  as  well  as  the  exp^ise  of  removal 
of  the  same.    These  facts  should  command  careful  attention. 

Dimensions  of  boiler. — Kind  of  boiler,  Babcock  &  Wilcox  water-tube  boiler; 
borsepower  (builder's  rating),  200;  number  of  drums,  2;  diameter  of  dmma, 
86  inches ;  length  of  drums,  23  feet  by  d|  inches ;  number  of  tubes,  108 ;  outside 
diameter  of  tubes,  4  inches;  length  of  tubes,  18  feet;  furnace  (length  and 
width),  6i  feet  by  7 J  feet;  area  of  grate  surface,  48.75  square  feet;  area  of 
heating  surface,  2,000  square  feet ;  area  of  draft  between  tubes,  26.5  square  feet ; 


440     APPENDIX  TO  REPOBT  OF   THE  PHILIPPINE   COMMISSION. 

ratio  of  grate  surface  to  heating  surface,  1  to  41 ;  ratio  of  draft  area  to  grate 

surface,  0.5435 ;  ratio  of  area  of  grate  to  area  of  air  space  in  grate,  2.15  to  1 ; 
area  of  damper  opening  at  boiler,  8.55  square  feet ;  ratio  of  grate  surface  to  area 
of  damper  opening,  5.7 ;  area  of  chimney,  19.635  square  feet ;  height  of  chimney, 
140  feet ;  total  area  of  air  space  in  grate,  22.6  square  feet ;  total  area  of  solid 
grate,  26.1  square  feet 

OOMMEBOIAIi  TEST  IN  DETAIL. 

Manner  of  start  and  stop,  and  kind  of  run. — ^The  alternate  method  was  used, 

in  which  the  fire  was  cleaned  and  the  amount  of  live  coal  left  on  the  grate 

estimated.    At  the  end  of  the  test  the  fire  was  again  cleaned  and  the  same 

amount  of  coal  left  on  the  grate.  The  run  was  continuous,  and  all  conditions 
were  maintained  exactly  the  same. 

Duration  of  teflt,  24  hours. 

Total  coal  consumed pounds 41,264 

Coa!  consumed  per  watch: 

8  a.  m.  to  4  p.  m do.i 14,239 

4  p.  m.  to  12  a.  m do 1»,677 

12  a.  m.  to  8  a.  m do 13,348 

Total  ash  and  refuse do 2,241 

Ash  and  refuse  per  watcb : 

8  a.  m.  to  4  p.  m do 764 

4  p.  m.  to  12  a.  m do •SSZ 

12  a.  m.  to  8  a.  m do 624 

Percentage  of  ash 5.43 

Percentage  of  ash  per  watch : 

8  a.  m.  to  4  p.  m 5.36 

4  p.  m.  to  12  a.  m 6.23 

12  a.  m.  to  8  a.  m 4.67 

Total  water  evaporated pounds 238,0831 

Water  evaporated  per  watch : 

8  a.  m.  to  4  p.  m do 78,9161 

4  p.  m.  to  12  a.  m do 79,  250 

12  a.  m.  to  8  a.  m do 79.  916| 

Average  coal  burned  per  hour do 1,  71»i 

Average  coal  burned  per  hour  per  watch : 

8  a.  m.  to  4  p.  m do 1,7793 

4  p.  m.  to  12  a.  m do 1,  709| 

12  a.  m.  to  8  a.  m do l.  668} 

Average  coal  burned  per  square  foot  of  grate  per  hour do 35.  268 

Average  coal  burned  per  square  foot  of  grate  per  hour  per  watch : 

8.  a.  m.  to  4  p.  m do 36.51 

4  p.  m.  to  12  a.  m do 35.068 

12  a.  m.  to  8  a.  m -. do 34.  225 

Average  quantity  of  water  evaporated  per  hour do 9,920.  138 

Average  quantity  of  water  evaporated  per  hour  per  watch : 

8  a.  m.  to  4  p.  m do 9,  864.583 

4  p.  m.  to  12  a.  m do 9.906.25 

12  a.  m.  to  8  a.  m do 9,  989.  5S3 

Average  quantity  of  water  evaporated  per  hour  per  square  foot  of  heating 

surfece pounds_«  4.  96 

Average  quantity  of  water  evaporated  per  hour  per  square  foot  of  heating 
surfoce  per  watch : 

8  a.  m.  to  4  p.  m pounds—  4. 1)328 

4  p.  m.  to  12  a.  m do 4.9531 

12  a.  m.  to  8  a.  m do 4.  9948 

Commercial  horsepower  developed  on  basis  of  30  pounds  of  water  evap- 
orated   Into   steam   of  70   pounds   gauge   pressure   from    feed   water   of 

100**   P 323.  331 

Commercial  horsepower  developed  at  the  preceding  rating  per  watch : 

8  a.  m.  to  4  p.  m 321.  4209 

4  p.  m.  to  ISfa.  m 322.  7456 

12  a.  m.  to  8  a.  m 326.  4939 

Average  boiler  pressure pounds —  155 

Average  temperature  of  feed  wator **  P —  140.  88 

Average  temperature   of  feed   water  per  watch  : 

8  a.  m.  to  4  p.  m **  P—  140.  88 

4  p.  m.  to  12  a.  m "*  F—  140.  93 

12  a.  m.  to  8  a.  m "  F—  140.  85 

Average  temperature  of  escaping  gases "  F—  513.66 

Average  temperature  of  escaping  gases  per  watch  : 

8  a.  m.  to  4  p.  m 1  P—  509 

4  p.  m.  to  12  a.  m 1  P—  517 

12  a,  m.  to  8  a.  m _____._' P_.  515 

Force  of  draft  measured  In  Inches  of  water inches —  o.  85 

Average  quantity  of  water  evaporated  per  pound  of  coal  as  brought  from 

coal  pile pounds—  5.  7697 

Average  quantity  of  water  evaporated  as  preceding  per  watch  : 

8  a.  m.  to  4  p.  m do 5.  6422 

».  m.  to  12  a.  m do 5.7943 

a.  m.  to  8  a.  m do 5.9871 


U; 


«Tbe  increase  In  ash  in  the  middle  watch  was  caused  by  cleaning  the  fire  ttaorou^lUy. 
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Economic  evaporation. 

Moisture  In  coal per  cent 

Water  actually  evaporated,  per  pound  of  dry  coal,  from  actual  pressure 
and  temperature pounds 

Water  actually  evaporated,  per  pound  of  dry  coal,  as  preceding,  per  watch : 

8  a.  m.  to  4  p.  m pounds 

4  p.  m.  to  12  a.  m do 

12  a.  m.  to  8  a.  m do 

Equivalent  water  evaporated,  per  pound  dry  coal,  from  and  at  212*'.do 

Equivalent  evaporation,  as  preceding,  per  watch : 

8  a.  m.  to  4  p.  m do 

4  p.  m.  to  12  a.  m do 

12  a.  m.  to  8  a.  m do 

Equivalent    water   evaporated,    per   pound    of    combustible,    from    and    at 
212** pounds-. 

Equivalent  water  evaporated,  per  pound  of  combustible,  as  precealng,  per 
watch : 

8  a.  m.  to  4  p.  m pounds — 

4  p.  m.  to  12  a.  m do 

12  a.  m.  to  8  a.  m do 


5.0 
6.  0734 

5.  8339 
6.0994 

6.  3023 
6.  8246 

6.  5555 

6.  8533 

7.  0819 

7.  2377 


6.  9476 

7.  3342 
7.  4480 


Commercial  evaporation. 

Equivalent  water  evaporated,  per  pound  of  dry  coal,  with  one-sixth  refuse 

at  70  pounds  gauge  pressure  from  temperature  of  100** pounds 5.  2470 

Equivalent  water  evaporated,  per  pound  of  dry  coal,  with  one-sixth  refuse, 
as  preceding,  per  watch : 

8  a.  m.  to  4  p.  m pounds..  5.0360 

4  p.  m.  to  12  a.  m do 5.3165 

12  a.  m«  to  8  a.  m do 5.  3990 

Data  and  results  of  the  evaporative  test. 

Manner  of  start  and  stop:  Running  with  thin  fire. 

Kind  of  run :  Continuous. 

Duration  :  Twentv-four  hours. 

State  of  the  weather:  Fair. 

Grate  surface square  feet —  48.  75 

Heating  surface do 2,000 

Ratio  of  heating  surface  to  grate 41 

Average  pressure : 

Steam  pressure  by  gauge pounds —  155 

Atmospnerlc  pressure inches —  29.80 

Draft,   in  inches,  of  water do 0.85 

Pressure  per  square  foot  due  to  unbalanced  column  of  air  In  chim- 
ney  ounce..  0.  4913 

Average  temperature : 

External  air **  F..  85.  92 

Flreroom •  F-.  88.  64 

Steam *  F—  368.62 

Escaping  gases *  F..  513.66 

Water  entering  heater "  F__  89.  56 

Water  entering  boiler •  F_.  140.88 

Fuel: 

Total  quantity  of  coal  flred pounds —  41,264 

Moisture  In  coal per  cent..  5.0 

Dry  coal  consumed pounds 39,200.8 

Total  ash  and  refuse  (dry) do 2,241 

Total  combustible  consumed do 39,  960 

Percentage  of  ash 5.43 

Dry  coal  consumed  per  hour pounds 1,633.367 

Combustible  consumed  per  hour do 1,540 

Dry  coal  consumed,  per  square  foot  of  grate,  per  hour do 33.  5 

Dry  coal  consumed,  per  square  foot  of  heating  surface,  per  hour.do 0.  816 

Combustible  consumed,  per  square  foot  of  grate,  per  hour do 31.589 

Combustible  consumed,  per  square  foot  of  heating  surface,  per  hour, 

pound 0.  770 

Average  amount  of  coal  flred  each  time pounds 100 

Average  time  between  firing minutes..  4 

Average  number  of  shovelfuls  flred  each  time 6.5 

Bureau  of  science  analysis. 


Proximate  analysis  of  coal : 

Fixed  carbon per  cent 43.3 

Volatile  matter do 48.0 

Moisture do 5.  0 

Ash do 3.  7 

Analysis  of  ash : 

Moisture do 2.  4 

Combustible  matter do 62.  6 

Analysis  of  clinker: 

Moisture do 0.  6 

Combustible  matter do 12.  2 

Heating  power  of  coal:  Heat  units  per  pound  of  coal B.  t.  u —  12,151 
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RetalU  of  calorlmetric   tests : 

Average  of  thermometer •  F 268 

Quality  of  steam  (dry  steam  being  taken  as  unity) O.07S7 

Percentage  of  moisture  In  steam 2.43 

Water. 

Total  weight  of  water  pumped  into  the  boiler  and  apparently  eTapora.ted, 

pounds 238. 

Water  actually  eTaporated  (corrected  for  quality  of  steam) pounds 232,297. 

BqulTslent  water  evaporated  from  and  at  212  •  F do 267,634.2416 

Equivalent  water  evaporated  Into  dry  steam  from  and  at  212  *  F do 261, 038. 1595 

Factor  of  evaporation 1. 1237 

Water  used  per  hour: 

Evaporated  per  hour do 0,930.1280 

Evaporated  per  hour  (corrected  for  quality  of  steam) do 9,679.0786 

Equivalent  evaporation  per  hour  from  and  at  212  **  F do 11, 147.  2591 

Equivalent  evaporation  per  hour  from  and  at  212  *  F  (corrected  for 

quality  of  steam) pounds —     10,876.3806 

Economic  evaporation: 

Water  actually  evaporated  per  pound  of  dry  coal  (from  actual  pressure 

and  temperature) pounds —  6.  0734 

Equivalent   water  evaporated    per   pound   of  dry   coal   from   and   at 

212  •  F pounds-.  6.  8246 

Equivalent  water  evaporated  per  pound  of  combustible  from  and  at 

212  •  P pounds.-  7.  2377 

Commercial  evaporation :  Equivalent  water  evaporated  per  pound  of  dry 
coal,  with  one-slzth  refuse  at  70  pounds  gauge  pressure  from  feed  water 

at  100  •  F pounds—  6.  2470 

Rate  of  evaporation : 

Water  evaporated  from  and  at  212  '*  F.  per  square  foot  of  heating 

surface  per  hour pounds—  5.  6736 

Water  evaporated  from  and  at  212    ®  F.  per  square  foot  of  grate 

surface  per  hour pounds 228,  66 

Water  evaporated  from  and  at  212  *  F.  per  square  foot  of  least  area 

of  draft pounds —  1,  803.  77 

Commercial   horsepower: 

Commercial  horsepower  developed  on  basis   of  30   pounds  of  water 
evaporated   into   steam   of  70   pounds   gauge   pressure   from   feed 

water  of  100  •F _ - 828. 2S1 

Horsepower   (builder's  rating) 200 

Per  cent  developed  above  builder's  rating 61.  87 


THE  PEOXnCATS  AHALY8I8  OP  PHILIPPINX  COALS. 

By  Alvin  J.  Cox. 

[From  the  Chemical  Laboratory,  Bureau  of  Science.] 

Very  few  data  exist  on  the  relationship  between  the  external  appearance 
and  the  properties  of  coal ;  although  we  know  that  a  dnll  coal  is  apt  to  be  mach 
higher  in  ash  than  a  lustrous  one,  and  shale,  clay  fragments  and  sisillar  Im- 
purities are  readily  detected  and  removed.  Stillman  «  says,  regarding  the  me- 
chanically Inclosed  earthy  matter  or  other  ash-forming  material :  *'  It  is  found 
in  practice  ttiat  coal  from  the  same  vein  varies  in  composition  with  the  sixe  of 
the  coal,  the  percentage  of  ash  increasing  as  the  size  of  tlie  Coal  dimlnlsbea.** 
He  gives  analyses  of  samples  collected  from  the  Hanto  Screai  building  of  tbe 
Lehigh  Goal  and  Navigation  Ck)mpany,  Pennsylvania,  from  which  be  formulated 
this  general  tendency.  A  corresponding  change  in  specific  gravity  would  prob- 
ably also  have  l)een  noted  had  attention  l>een  given  to  this  fact.  Perhaps  In 
time  some  more  closely  drawn  lines  of  comparison  may  be  forthcoming,  bnt 
as  yet  we  do  not  know  enough  about  the  connection  betwe^i  the  other  external 
characteristics  and  the  composition  of  a  coal  to  find  these  factors  of  macb 
practical  value.  At  present,  nothing  short  of  an  analysis  will  satUtfy  coal 
Investigators. 

An  elementary  analysis  of  a  coal  is  of  very  great  importance  for  scientific 
purposes,  but  it  shows  us  little  with  regard  to  Its  value  as  a  fuel.  For  practical 
purposes  a  proximate  analysis — that  is,  the  determination  of  moisture,  volatile 
combustible  matter,  fixed  carbon,  ash,  and  sulphur — Is  of  more  tmportanoe. 
The  figures  so  obtained  give  us  a  very  good  Idea  of  the  real  nature  of  tlie  coal. 
The  moisture  and  ash  are  diluents,  but  more  than  that,  the  vaporization  of  tlie 
water  entails  a  considerable  loss  of  heat  and  the  ash  hinders  complete  com- 
bustion. The  latter  fact  Is  shown  clearly  by  the  test  of  Pollllo  coal  *  at  the 
insular  cold  storage  and  ice  plant,  where  an  analysis  of  the  ash  showed  it  to 
contain  62.6  per  cent  of  combustible  matter.  The  heat  which  the  ash  coataiaB 
when  dropped  through  the  grate  constitutes  another  loss ;  clinkers  fOrmed  tnnB 

«  Stillman,  T.  B.:  Engineering  Chemistry,  Easton,  Pa.  (1900),  25. 
*The  Far  Blastem  Review,  Manila  and  Shanghai  (1006),  January. 
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the  iron  and  silica  of  the  ash  hinder  the  draft ;  sulphur  has  very  little  heating 
value  and  will  in  time  ruin  the  grate  bars  and  the  boiler.  The  estimation  of 
volatile  combustible  matter  and  of  fixed  carbon  is  of  great  importance,  for  the 
relation  which  exists  between  these  is  a  means  of  classification «  and  a  crite- 
rion for  judging  the  steaming  quality  of  a  coal.  The  percentage  of  volatile 
combustible  matter  gives  us  some  idea  of  the  gas-producing  power  of  the  coal 
and  from  the  residual  fixed  carbon  we  are  able  to  know  whether  the  coal  is 
coking  or  noncoking.  It  remains  for  us  to  seek  out  the  best  method  of  estimat- 
ing these  factors. 

The  coals  of  the  Philippine  Islands  which  have  thus  far  been  discovered  are 
all  noncoking.  They  belong  to  a  class  which  wns  of  less  importance  when  the 
•directions  for  coal  analysis  recommended  by  the  committee  appointed  by  the 
American  Chemical  Society  ^  were  made.  These  directions  are  in  g^ieral  use 
throughout  the  United  States,  and  as  they  embody  the  best  factors  of  all 
previous  research  upon  the  proximate  analysis  of  coal  no  further  discussion  of 
the  literature  will  be  entered  into.  However,  since  the  appearance  of  these  di- 
recticms  noncoking  coals  have  come  much  to  the  front  and  an  accurate  and  uni- 
form method  for  their  analysis  is  now  necessary.  The  point  where  the  sug- 
gestions of  the  conmiittee  are  least  applicable  is  in  the  estimation  of  the  volatile 
combustible  matter. 

The  method  outlined  by  them  for  tliis  determination  is  as  follows : 

•*  Place  1  gram  of  fresh,  undried,  powdered  coal  in  a  platinum  crucible  weigh- 
ing 20  to  80  grams  and  having  a  tightly  fitting  cover.  Heat  over  the  full  flame 
of  a  Bunsen  burner  for  seven  minutes.  The  crucible  should  be  supported  on  a 
platinum  triangle  with  the  bottom  6  to  8  centimeters  above  the  top  of  the 
burner.  The  flame  should  be  fully  20  centimeters  high  when  burning  free,  and 
the  det^mination  should  be  made  in  a  place  free  from  drafts.  The  upper  sur- 
face of  the  cover  should  bum  clear,  but  the  under  surface  should  remain 
covered  with  carbon.  To  find  volatile  combustible  matter  subtract  the  per  cent 
of  moisture  from  the  loss  found  here." 

In  a  recent  paper  ^  on  '*  Philippine  coals  and  their  gas-producing  power," 
when  discussing  certain  analyses  the  following  paragraph,  which  shows  that 
the  above  directions  give  uncertain  results  in  the  determination  of  volatile 
combustible  matter  in  Philippine  coals,  appeared : 

'*The  coal  analyses  were  made  according  to  the  directions  recommended  by 
the  committee  appointed  by  the  American  Chemical  Society.  In  the  determina- 
tion of  volatile  combustible  matter,  it  has  been  found  that  in  following  these 
very  inaccurate  results  were  obtained.  The  committee  states  that  the  most 
serious  objection  brought  against  their  method  is  that  the  rapid  heating  causes 
mechanical  loss  in  the  case  of  certain  noncoking  coals;  that  no  evidence  has 
been  given  as  to  the  amoimt  of  such  loss,  while  in  the  light  of  certain  experi- 
mental determinations,  which  are  described,  they  state  that  the  loss  can  coily 
have  beai  insignificant.  It  has  been  observed  in  this  laboratory  that  the  error 
from  this  source  on  our  coals  is  very  large,  possibly  amounting  to  a  few  per 
cent  in  some  cases.  It  has  also  been  found  that  this  error  could  be  largely  if 
not  entirely  eliminated  by  expelling  the  moisture  and  most  of  the  volatile 
matter  at  a  low  heat  before  subjecting  to  the  full  fiame  of  the  Bunsen  burner 
for  seven  minutes.  Four  to  five  minutes  gentle  heating  are  sufficient  to  do  this. 
With  this  exception  the  official  method  has  been  followed  in  detail." 

Since  the  above  article  went  to  press,  a  paper  *  entitled  "  Some  Experiments 
on  the  Determination  of  Volatile  Combustible  Matter  in  Coals  and  Lignites" 
has  reached  us,  in  which  the  modification  used  by  the  fuel-testing  plant  of  the 
United  States  Geological  Survey  in  the  analysis  of  lignitic  and  subbituminous 
coals  is  described.  It  is  almost  identical  with  the  one  we  have  used  in  the 
analysis  of  the  coals  occurring  in  these  islands  when  the  official  method  is 
inapplicable.  The  modification  which  we  have  heretofore  employed  is  substan- 
tially ns  follows : 

"  The  sample  of  coal  to  be  analyzed  is  placed  in  a  platinum  crucible  of  twenty 
or  thirty  cubic  centimeters  capacity  and  subjected  to  a  low  heat,  just  enough  to 

•Hilt  C:  Jahresb,.  ueber  die  Fortshritte  d.  Chem.  (1873),  1086.  "It  is 
necessary  for  the  present  at  least  that  the  classification  of  our  coals  be  made 
on  a  basis  involving  the  relation  of  the  volatile  and  the  fixed  combustible 
matter,  since  we  have  no  data  other  than  proximate  analyses." 

»  J.  Am.  Chem.  Soc.  (1809),  21,  1116;  The  Coal  &  Metal  Miner's  Pocket  Book, 
7th  ed.  (1902),  Scranton,  Pa.,  173. 

«Cox,  A.  J.:  This  Journal  (19O60.  1,  890. 

'Somermeier,  E.  E.:  J.  Am.  Chem.  Soc.  (1906),  28,  1002. 
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expel  the  volatile  combustible  matter  at  such  a  rate  that  It  will  bum  in  a  very 
small  flame  at  the  edges  of  the  crucible  Ud.  The  heat  is  regulated  by  holding 
the  burner  in  the  liand  and  directing  it  upon  the  bottom  of  the  crucible.  The 
flame  is  slowly  moved  back  and  forth  under  the  crucible,  the  heat  is  gradually 
increased  as  the  escaping  gases  bum  lower  and  lower,  and  flnally  the  crucible 
is  heated  for  sev^  minutes  over  the  regulation  Bunsen  flame."  <* 

This  method  is  obviously  an  Improvement  in  certain  cases  and  was  used  as  a 
provisional  or  tentative  one  until  time  could  be  found  to  investigate  the  subject 
thoroughly. 

My  data  do  not  agree  with  the  statement  of  the  committee  on  coal  analysis 
that  the  error  due  to  rapid  heating  is  insigniflcant  They  show  that  there  is  a 
very  large  mechanical  loss  wh^i  the  official  method  is  applied  to  certain  Philip- 
pine coals,  confirming  the  results  of  experiments  on  American  noncoking  coals. 
It  is  not  even  necessary  to  have  analytical  data  to  prove  that  there  are  mechani- 
cal losses  from  some  noncoklng  coals  when  the  volatile  matter  is  rapidly 
expelled,  as  it  is  by  the  official  method,  for  it  Is  amply  indicated  by  the  shower 
of  Incandescent  carlK>n  particles  which  are  driv^i  off  during  the  first  one  or 
two  minutes  heating.  It  is  hoped  that  this  paper  will  demonstrate  how  these 
losses  can  be  avoided. 

Somermeler,*  In  referring  to  the  modified  process  of  the  fuel-testing  plant 
says :  **  The  difference  in  results  obtained  by  three,  four,  and  five  minutes'  pre- 
liminary treatment  is  small  and  in  all  subsequent  experimental  tests  the  time 
of  the  preliminary  heating  was  four  minutes."  The  experiments  which  follow 
will  show  that  with  some  Philippine  coals  a  longer  period  of  preliminary  treat- 
ment is  necessary  to  give  very  accurate  results.  In  the  coals  tested,  the  deter- 
minations of  the  volatile  combustible  matter  are  given  as  ascertained  by  ttie 
official  method  and  two  others,  which  are  intended  to  avoid  the  quick  appUcatioo 
of  heat  and  therefore  the  loss  which  ensues  in  some  Philippine  coals.  The  two 
methods  are  the  one  above  described,  which  I  have  called  our  transition  method, 
and  another  which  consists  in  a  smoklng-off  process;  that  is,  one  which  sub- 
jects the  sample  to  a  low  heat,  which  is  regulated  by  slowly  moving  a  small 
flame  back  and  forth  under  the  cmclble,  the  flame  being  Just  enough  to  keep  a 
visible  amount  of  smoke  rising  from  the  crucible  but  not  sufficient  to  cause  the 
smoke  to  bum  at  the  edges  of  the  crucible.  It  Is  important  that  the  crucible 
should  not  be  allowed  to  cool  after  the  operation  has  been  begun,  as  in  that 
case  air  would  be  drawn  in  to  the  coal,  which  would  cause  the  oxidation  of  a 
part  of  the  flxed  carbon.  The  most  delicate  stage  is  the  one  when  the  hydro- 
carbons have  practically  all  been  expelled  and  only  hydrogen  is  still  being 
liberated.  At  this  i>oint  it  is  very  difficult  to  drive  off  the  gas  slowly  enough  to 
prevent  its  Ignition,  for  the  smoke  then  no  longer  serves  as  a  gauge.  If  the  gas 
ignites,  It  is  usually  coming  off  fast  enough  to  carry  with  it  some  of  the  solid 
carbon  particles,  as  will  at  once  be  seen  by  the  sparks;  however,  with  care  and 
practice  this  can  be  controlled.  Since  the  eye  of  the  operator  is  the  only  crite- 
rion, no  deflnite  time  is  prescribed  for  this  preliminary  treatment,  but  seven  to 
nine  minutes  are  ordinarily  necessary  for  its  completion;  in  one  extreme  case 
sixteen  minutes  were  required.  However,  It  is  not  a  question  of  an  extreme 
amount  of  time  but  of  putting  the  time  In  the  right  place.  The  volatile  matter 
should  be  smoked  off  as  fast  as  allowable  so  as  not  to  produce  sparks,  but  not 
fast  enough  for  the  gases  to  bum.  When  this  process  is  completed,  without 
disturbing  the  crucible,  the  platinum  triangle  and  crucible  are  quickly  placed 
over  the  regulation  Bunsen  flame  and  gradually  lowered  until  they  are  finally 
in  position.    These  conditions  should  be  maintained  as  nearly  as  practicable. 

There  are  times  when  it  is  very  difficult  to  make  the  gas  of  this  laboratory 
conform  to  the  requirements  of  the  regulation  flame.  It  has  been  the  writeVs 
practice  to  use  a  shield  to  protect  the  flame  of  the  Buusen  burner  from  air 
currents,  since  the  condition  of  the  committee  on  coal  analysis,  that  **  the  de- 
termination should  be  made  In  a  place  free  from  drafts,"  Is  not  easily  attained 
in  a  laboratory  In  the  Tropics.  That  this  Is  of  minor  Importance  when  the  regu- 
lation flame  Is  carefully  maintained  is  shown  by  the  following  exi>eriment: 
Four  samples  of  thoroughly  mixed  noncoklng  coal  were  weighed  out  and 
carefully  smoked  off.  Nos.  1  and  2  were  flnally  heated  for  seven  minutes  over 
the  full  flame  of  a  Bunsen  burner  In  a  place  free  from  drafts,  while  3  and  4 
were  heated  for  the  same  length  of  time  over  the  flame  inclosd  in  a  cylindrical 

^  By  the  regulation  Bunsen  flame  I  understand  one  which,  when  nonluminous 
and  unobstructed,  bums  20  centimeters  high. 
^  Loc.  clt 
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asbestos  shield.    With  this  exception  the  samples  received  the  same  treatment 
in  detail.    The  results  are  as  follows: 

(1)  (2)  (3>  (4) 

Total  volatile  matter,  per  cent 50.  27         50.  22         50.*26        50.  21 

A  very  satisfactory  shield  is  that  shown  in  the  figure.  It  is  12  centimeters 
long  and  6  centimeters  in  diameter.  The  platinum  triangle  is  placed  on  top  of 
the  shield  so  that  only  about  half  of  the  crucible  is  surrounded.  The  height  of 
the  crucible  from  the  top  of  the  burner  is  controlled  by  the  cubical  blocks. 

In  all  of  the  following  experiments  platinum  crucibles  of  20  cubic  centimeters' 
capacity  and  weighing  20  grams  were  used.  The  crucible  covers  must  fit  per- 
fectly, but  this  Is  always  possible,  since  the  edges  of  a  crucible  can  be  ham- 
mered smooth  and  round  on  a  cone  and  the  lids  can  be  pressed  into  shape  by 
placing  the  top  down  on  a  flat  ground  surface.  The  coal  was  pulverized  to  pass 
a  60-mesh  sieve.  Where  determinations  of  the  ash  are  given,  they  were  made 
on  the  same  portion  of  the  coal  as  was  used  for  the  volatile  matter,  conse- 
quently mechanical  losses  are  indicated  by  variations  in  the  percentage,  for 
determinations  of  the  ash  admit  of  great  accuracy  If  performed  with  due  care. 

The  first  sample,  an  air-dried  coal  from  the  southeastern  end  of  Batan  Island, 
No.  4,  gave  the  following  results : 

BY  THE  OFFICIAL    METHOD. 

Moisture 16.41  15.42  (15.42)  (15.42) 

Volatile  combustible  matter 41.52  41.83  43.05  41.73 

Fixed  carbon 38. 95  37. 75  

Ash 3. 80  3. 78              


100.  00  100.  00 

BY  THE  TRANSITION   METHOD. 

Moisture (15.42)          (15.42)  (15.42) 

Volatile  combustible  matter 40.50             40.26  40.88 

BY    THE    SMOKINO-OFF   PROCESS. 

Moisture   (15.42)          (15.42)  (15.42) 

Volatile  combustible  matter 39.12             39.46  39.45 

Fixed   carbon 41.35             41.00  41.02 

Ash 4.  11                4.  12  (4. 11) 


100.00     100.00     100.00     

In  choosing  the  next  sample  with  which  to  experiment,  one  very  high  in 
impurity  was  selected,  so  that  extremely  small  mechanical  losses  could  be  noted 
by  a  variation  In  the  percentage  of  ash.  This,  an  air-dried  coal  from  Negros, 
No.  21,  gave  the  following  results : 

BY   THE   OFFICIAL    METHOD. 

Moisture 18.19  18.29  (18.24)  (18.24) 

Volatile  combustible  matter 38.73  39.13  40.45  41.91 

Fixed  carbon 26.57  25.90  25.54  

Ash 16.51  16.68  15.77  


100.  00          100.  00  100.  00 

BY    THE    TRANSITION    METHOD. 

Moisture —    (18.24)        (18.24)  (18.24) 

Volatile   combustible  matter 32.  .56           32.66  32.64 

Fixed   carbon 31.39  31.39         

Ash 17.81  17.71  


100.00  100.00  

BY    THE    8MOKING-OFF    PROCESS. 

Moisture (18.24)        (18.24)  (18.24)  (18.24) 

Volatile  combustible  matter .32.03           31.98  32.02  31.97 

Fixed  carbon 31.77  31.74  

Ash  _— 17.96  18.04  


100.00         100.00         

There  are  a  great  many  factors  which  Influence  the  amount  of  volatile  mat- 
ter driven  off  from  a  sample  of  coal,  namely,  the  size  of  the  grains,  the  weight 
of  the  sample,  the  condition  of  the  coal — that  Is,  the  quantity  of  moisture, 
etc. — and  the  degree  and  duration  of  the  heat.  Notwithstanding  these  considera- 
tions, It  is  generally  conceded  that  under  uniform  conditions  the  same  operator 
has  llttie  trouble  with  duplicates  In  ordinary  coal  analysis,  and  I  wish  to  show 
that  In  the  analyses  of  Philippine  coals  this  Is  true  when  the  modlflcatlon 
methods  are  used.  Even  different  operators  working  under  prescribed  condi- 
tions obtain  insignificant  variations  in  result.    My  records  show  that  on  June 
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21  of  tliis  year  this  Negros  coal  was  analyzed  by  our  transition  method  and  the 
routine  results  obtained  were  as  follows : 

Moisture  .— * 18.  95  (18.  d&) 

Volatile  combustible  matter 32.39  32.66 

Fixed  carbon 31. 07         

▲ah 17.  59         


100.00  

After  making  due  Allowance  for  the  variation  in  the  moisture  content,  these 
analyses  are  almost  identical  with  those  given  above,  obtained  by  the  same 
method.  Furthermore,  portions  of  this  sample  were  given  to  Mr.  P.  J.  Pox  (1) 
and  Mr.  L.  A.  Salinger,  (2)  of  this  bureau,  with  directions  to  determine  the 
volatile  combustible  matter  by  the  official  method  and  also  by  the  smokins-oif 
process. 

A  80  cubic  centimeter  platinum  crucible  was  used  in  mailing  these  determina- 
tions in  (1).    The  x'ariation  between  a  crucible  of  20  and  one  of  30  cubic  c«itl- 
meters  hardly  affect  the  process  noticeably,  except  where  a  mechanical  Iobb  is 
involved. 
The  results  are  as  follows : 

BY  THE  OmCIAL   METHOD.* 

MoUture (18.  24)         (18.  24)  (IS.  24) 

Volatile  combuflttble   matter 34.67  86.49  38.44 

As  one  would  anticipate,  when  a  larger  crucible  is  used  the  mechanical  loflses 
are  not  quite  so  large  as  In  the  foregoing  determinations;  however,  about  the 
same  variations  in  the  percentage  of  volatile  combustible  matter  are  observed 
here  as  in  the  analyses  given  al)ove,  namely,  3  per  cent. 

BT  THE  SMOKINQ-OFP  PB0CB88. 

(1)  (1)  (2)  (2) 

Moisture (18.  24)  (18.  24)  (18.  24)  (18.  24) 

Volatile  combustible  matter 32.16  32.21  32.00  S2.  00 

Fixed  carbon 31.46  

Aah 18. 16  


100.00  

Here  there  is  almost  exact  duplication  of  the  previous  results  obtained  by 
this  method. 

For  the  third  sample,  Negros  coal,  No.  23,  was  chosen,  one  very  high  in  ash 
and  tlie  one  in  which  the  official  and  smoking-off  methods  showed  the  neatest 
discrepancies  in  the  percentage  of  ash. 

The  analyses  are  as  follows : 

BY    TUB  OFFICIAL    METHOD. 

Moisture 15.81  16.92  

Volatile  combustible  matter 55.92  64.08  

Fixed  carbon 18.60  19.76  

Ash 9.67  10.24  


100.  00  100.  00 

BT  THE  SMOKING-OFF  PROCESS. 

Moisture (15.  86)  (16.  86) 

Volatile  combustible  matter 35.48  35.66 

Fixed  carbon 34.  42  34.  36 

Ash 14.  24  14.  22 


100.00  100.00  

From  the  foregoing  experiments  it  Is  possible  to  point  out  the  mechanical 
losses.  We  will  assume  the  ash  obtained  by  the  smoking-off  process  to  be  cor- 
rect, for  in  these  determinations  no  escaping  particles  of  solid  carlwn  were  at 
any  time  visible.    The  averages  of  the  analyses,  studied  comparatively,  are  as 

follows : 

SAMPLE  I. 


By  the 

smoking-off 

prooess. 

By  the 
official 
method. 

Ash 

Percent 
4.11 
41.18 

JPlcrccnt 
S.79 

88.K 

•The  average  of  my  own  duplicated  water  determinations  has  been  used.     In  a  aia^ltt 
determination  Mr.  Fox  obtained  18.37  per  cent. 
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From  tbese  we  get  the  ratios  ffH=l-08  and  H:H=1.07,  which  show  that 
the  yariations  in  the  percentage  of  ash  and  fixed  carbon  are  approximately 
proportional.  The  ash  content,  however,  Is  too  small  to  be  an  indicator  of 
small  differences. 

SAMPLE  11. 


By  the    . 
smoking-off 
process. 


By  the 
transitioii 
method. 


By  the 
official 
method. 


Ash 

Fixed  carbon. 


Percent 
IS.  00 
81.76 


Per  cent. 
17. 7« 
81.89 


Per  cent, 
16.60 
26.24 


The  first  two  columns  give  the  ratios  HtH=1.01  and  }H4=1«01,  which 
show  that  the  variations  between  the  ash  and  fixed  carbon  in  the  two  processes 
are  exactly  proportional.  The  first  and  last  columns  give  the  ratios  ff.'JS  =1.08 
and  H7}J=1-21.    Here  the  ratios  are  not  exactly  proportional. 


SAMPLE  III. 

By  the 

smoldng-off 

proceiB. 

By  the 
official 
method. 

Ash 

Percent. 
14.28 
84.89 

Per  cent 
9.96 

Fixed  carbon 

19.18 

14.23  34  39 

These  give  the  ratios   ^'^^  =1.43  and  i^jg  =1.79,  and  show  that  here  also 

the  variations  in  the  percentage  of  ash  and  fixed  carbon  are  not  exactly  pro- 
portional. 

In  the  determinations  made  by  the  transition  method  the  escape  of  some  of 
the  incandescent  particles  was  noticeable,  but  it  has  been  thought  that  this 
was  negligible,  llie  above  experiments  show  this  to  be  a  false  supposition; 
that  for  very  accurate  work  more  care  must  be  exercised  than  is  outlined  for 
that  method.  Since  the  variations  between  the  percentages  of  ash  and  fixed 
carbon,  as  determined  by  the  smoking-off  process  and  the  transition  method  are 
exactly  proportional,  the  cause  must  be  solely  mechanical  loss. 

As  previously  stated,  the  shower  of  sparks  driven  off  when  the  oflScial  method 
is  used  is  proof  of  a  large  mechanical  loss;  the  analytical  data  which  cor- 
roborate this  show  that  it  is  several  per  cent.  The  variations  in  ash  and 
fixed  carbon,  as  determined  by  the  smoking-oif  process  and  the  official  method 
in  samples  I,  II,  and  III,  are  always  in  the  same  direction,  but  are  not  exactly 
proportional  and  hence  can  not  be  accounted  for  solely  by  the  theory  of 
mechanical  loss.  Other  factors  prevent  proportional  variations.  It  has  been 
suggested  ^  that  this  may  be  partially  due  to  a  different  breaking  down  of  the 
hydrocarbon  compounds  when  expelled  under  different  conditions  of  heat 
treatment,  in  the  presence  of  variable  amounts  of  moisture,  etc.  This  is  true 
in  the  case  of  coking  coals,  for  it  has  often  been  observed  that  both  the  quali- 
tative and  quantitative  composition  of  coke  depends  not  only  on  the  nature  of 
the  coal  used,  but  also  on  the  conditions  of  the  distillation — that  is,  the  tem- 
perature, pressure  in  the  retort,  the  time,  the  siae  of  the  coal,  etc.  However, 
in  lignites  and  noncoking  coals,  where  the  gases  given  off  are  mostly  of  com- 
paratively very  simple  composition,  the  variation  between  the  official  and  the 
modified  methods  is  to  a  greater  extent  due  to  mechanical  loss. 

Comparisons  of  a  number  of  samples  will  show  more  clearly  just  how  much 
difference  really  exists  in  the  breaking  down  of  the  hydrocarbon  compounds 
of  the  coal.  The  difference  shown  in  the  breaking  down  between  the  transi- 
tion method  and  the  official  one  is  the  same  as  between  the  smoking-off  process 
and  the  official  method,  since  the  variations  in  the  percentage  of  fixed  carbon 
and  of  ash  as  determined  by  the  transition  method  and  the  smoking-off  method 
are  exactly  proportional.  The  transition  method  is  an  improvement  over  the 
official  one  in  certain  cases,  but  as  there  still  are  mechanical  losses  by  Its  use, 
it  is  set  aside  as  less  satisfactory  than  the  smoking-off  process. 


«  Somermeler,  B.  E. :  Loc.  clt 
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Leaving  out  of  consideration  those  coals  in  which  there  is  a  discordance  tn 
the  percentage  of  ash  as  determined  by  the  two  methods,  we  can  draw  some 
conclusions  from  the  analyses. 

By  a  selection  there  are  fourteen  samples  which  show  no,  or  only  yerj  slight, 
mechanical  losses  when  analyzed  by  the  official  method.  In  these  the  devia- 
tion In  the  percentage  of  volatile  combustible  matter  and  therefore  of  fixed 
carbon  is  due  entirely  to  the  difference  in  the  breaking  down  of  the  volatile 
constituents  of  the  coal.  When  arranged  in  the  order  of  the  decreasing 
variation  of  the  percentage  of  fixed  carbon  as  determined  by  the  official  method 
and  the  smoklng-off  process  they  fall  into  two  groups  as  follows : 

TABLE  3. 


Number  and  group. 

Source  of  ooaL 

DUta^ 
ence. 

Oroup  I: 

PoUUo 

PereeaL 

4.S7 

3 

Australia 

4.57 

37 

Zamhoanga 

4.16 

8         

412 

24 

*• 

PoUllo 

2.34 

12.             

Cebu 

S.05 

2 

Australia 

2.65 

1  .                          

do 

2.33 

27 

Polillo 

2.35 

Group  n: 

Batan  Island  « 

2.00 

31                                   

Samar 

1.97 

32 

do 

1.55 

28                                    

Philippines 

L45 

34 

Tayabas 

1.34 

•This  was  taken  from  the  Routbeastem  end  of  the  Island.  It  is  a  well-known  fact 
that  the  coals  from  this  re^^on  are  of  a  much  poorer  grade  than  those  from  the  western 
end  where  the  military  reservation  claims  are  located. 

The  difference  in  the  amount  of  fixed  carbon  depends  both  on  the  amount  of 
the  volatile  ingredients  In  the  coal  and  on  the  nature  of  these  volatile  cona- 
pounds.  The  first  factor  Is  approximately  the  same  in  Philippine  coals,®  and 
therefore  the  cause  of  the  variation  is  to  be  sought  In  the  nature  of  the  volatile 
compounds.  We  well  know  that  volatile  Ingredients  of  similar  composition 
may  differ  to  a  considerable  extent  in  volatility  and  afford  «itirely  different 
products  on  destructive  distillation  and  that  it  is  impossible  chemically  to 
formulate  this  change ;  nevertheless.  Judging  from  the  analyses  of  some  of  the 
gases  we  should  expect  the  difference  In  the  breaking  down  of  the  volatile 
Ingredients  under  the  different  heat  treatments  of  the  two  methods  to  be  about 
as  It  Is.  The  more  complex  the  volatile  matter,  the  greater  the  disparity  to  be 
looked  for  in  the  results  of  analyses  by  the  official  and  the  smoking-off  methods. 

The  official  method  of  analysis  Is  applicable  to  almost  all  of  the  coals  of  the 
class  of  Group  I.  They  give  a  volume  of  dense  smoke  when  subjected  to  the 
Influence  of  heat.  The  gas  produced  by  destructive  distillation  from  three  of 
the  coals  of  Group  I  has  been  analyzed  as  follows : 


TABLE  4. 
[The  figures  give  percentages.] 


No. 

Source  of  the  coal. 

Carbon 
dioxide 
(CO,). 

Heavy 
hydro- 
carbons 
(C.Hto). 

°fjr 

Carbon 
monox- 
ide 
(CO). 

Meth- 
ane 
(CH4). 

Hydro- 
(^ 

Nitro- 

37 

Zamboanga 

10.1 
8.4 
6.24 

6.2 
8.1 
&34 

a66 

.7 
.73 

9.5 

8.95 

5.03 

35.5 
32.7 
42.05 

36.4 
4a5 
87.34 

1.05 

.65 

2.17 

?4 

PollUo 

1 

Australia 

«  Ck)x,  A.  J. :  Loc.  cit 
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The  official  method  of  analysis  is  only  rarely  applicable  to  the  coals  of  the 
class  of  Group  II.  Even  the  result  given  for  the  Batan  Island  sample  which 
heads  the  column  is  too  large,  owing  to  mechanical  loss  of  fixed  carbon  and  ash 
in  the  estimation  of  the  volatile  matter  by  the  official  method.  Practically 
all  of  the  coals  in  Table  2  not  included  in  Group  I  would  be  incorporated  in 
Group  II  except  for  the  large  mechanical  losses.  In  the  extreme  case  of  Negros 
No.  23,  these  amount  to  10  or  12  per  cent.  The  volatile  matter  which  is  ex- 
pelled by  the  quich:  application  of  heat  is  in  general  of  a  light  color  and  in 
certain  cases  colorless.  The  gas  produced  by  destructive  distillation  from  two 
coals  of  Group  II  has  been  analyzed  as  follows: 

TABLE  6. 
[The  figures  give  i)eroentage8.] 


Na 

Source  of  the  ooal. 

Carbon 
dioxide 
(CO.). 

Heavy 
hydro- 
carbons 
(CH,.). 

°(^r 

Carbon 
monox- 
ide 
(CO). 

Meth- 
ane 
(CH4). 

Hydro- 
(SS. 

Nltro- 

4 

Batan  Island 

26.04 
17.44 

2.31 
3.21 

a43 

.05 

14.16 
7.15 

16.9 
34.43 

35.4 
84.48 

4.77 

?1 

Negros 

8.34 

Tables  4  and  5  show  that  the  heavy  hydrocarbon  content  of  the  gases  pro- 
duced from  the  coals  of  Group  I  is  about  three  times  as  large  as  that  from 
the  coals  of  Group  II ;  Table  3  shows  that  the  difference  in  the  results  for  fixed 
carbon  obtained  by  the  official  and  the  smoking-off  methods  in  the  analyses 
of  the  coals  is  much  greater  in  Group  I  than  in  Group  II ;  hence  it  is  evident 
that  this  differ^ice  varies  with  the  complexity  of  the  volatile  constituents  of 
the  coal — that  is,  that  the  variation  is  due  largely  to  the  difference  in  the 
breaking  down  of  the  volatile  ingredients.  The  data  given  in  Table  3  indicate 
that  the  difference  in  the  results  obtained  by  the  two  methods  on  coals  of  the 
Negros  and  Cebu  type<*  (Group  II)  for  fixed  carbon  average  about  one  and  a 
half  per  cent ;  as  a  matter  of  fact,  however,  the  numbers  given  are  undoubtedly 
larger  than  the  average  would  be  were  it  possible  to  eliminate  the  factor  of 
mechanical  loss  and  obtain  a  larger  andi  more  representative  number  of  coals. 

Table  2  and  the  tables  of  analyses  of  Philippine  coals  which  have  already 
been  published  ^  show  that  the  content  of  water  varies  from  5  to  20  per  cent. 
In  a  number  of  cases  this  does  not  represent  water  of  constitution  only,  but 
since  the  samples  are  direct  from  the  mine  It  includes  a  considerable  per- 
centage of  loosely  held  water.  This  latter  Is  a  varying  factor  and  within  wide 
limits  Is  not  definite  for  any  particular  coal.  Attention  has  already  been 
called  to  the  absurdity  of  trying  to  classify  coal  according  to  its  water  content.*^ 
It  might  perhaps  be  said  that  the  more  llgnltic  the  character  of  the  coal,  the 
greater  the  possibility  of  its  including  a  large  percentage  of  water;  but  in 
general  the  percentage  varies  with  the  exposure  of  the  coal,  the  season  of  the 
year,  and  the  state  of  the  weather.  It,  then,  is  very  important  to  know  what 
influence,  if  any,  the  presence  of  water  has  upon  the  accurate  estimation  of  the 
volatile  combustible  matter.  To  ascertain  this  the  following  series  of  determi- 
nations were  made  by  the  smoklng-off  process,  with  the  three  samples.  To  the 
weighed  samples  of  Batan  Island  coal  and  of  the  Negros  coals  definite  amounts 
of  water  were  added  and  thoroughly  mixed  in  with  a  fine  platinum  wire.  The 
results  are  as  follows : 


^The  striking  similarity  In  both  the  physical  and  the  chemical  behavior  of 
coals  from  Negros  and  Cebu  has  been  constantly  in  evidence  throughout  this 
investigation.  Mr.  W.  D.  Smith  informs  me  that  all  the  geology  indicates  that 
these  two  islands  are  anticlines  and  that  the  separating  Strait  of  Taxfion 
occupies  the  syncllne. 

^  Cox,  A.  J. :  JjOc.  Clt,  880-884. 

« Idem :  Loc.  cit,  885. 
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TABLE  6. 


Watar 

added 

per  gram 

ofooal. 

Total  volatile  matter. 

Batan  Island  ooal 
No.  4. 

Negroeoo 

«1  No.  21. 
2. 

Negros 

coal 
No.  23. 

1 

2. 

Percent. 

54.87 

1. 

OratM, 
0.00 
0.05 
0.10 
0.15 
0.20 
0.30 

Percent. 
54.88 

Percent. 
50.22 
50.06 

Percent. 
50.28 

Percent. 
51.34 

54.96 

a  55. 15 

50.22 
50.10 
50.34 
50.22 

5a  27 

51.42 

54.95 
M.83 

54.97 
a55.27 

50.17 
50.27 

*  A  30  cubic  centimeter  crucible  was  used  In  making  these  determinations  and  tbe  results 
are  slightly  higher  owing  to  the  larger  surface  on  which  carbon  was  deposited. 

Still  another  sample  of  Negros  coal  No.  21  was  dried  at  107**  for  one  hour  and 
the  total  volatile  matter  determined  to  be  50.22  per  cent 

These  results  show  that  owing  to  the  verj*  gradual  expulsion  of  the  moisture 
by  the  smoklng-oflP  process,  the  presence  of  water  in  these  coals  has  no  influence 
on  the  percentage  of  volatile  combustible  matter.  The  only  effect  noticed  was 
that  the  presence  of  the  water  very  much  reduced  the  tendency  of  tbe  fine 
particles  to  fly  off  in  sparks.  The  loss  by  the  official  method  was  eliminated 
in  some  cases  when  a  small  amount  of  water  was  mixed  with  the  coal. 

The  analyses  by  the  official  method  of  Negros  coal  No.  21,  given  on  page  46, 
show  an  average  of  the  total  volatile  matter  of  57.68  per  cent,  and  at  the 
same  time  a  great  discordance  due  to  mechanical  loss,  as  is  indicated  by  the 
low  i^ercentage  of  ash.  When  water  in  the  amounts  given  in  the  following 
table  is  added  and  thoroughly  mixed  with  a  platinum  wire  or  spatula  the 
results  are  as  shown  below.  It  was  thought  that  there  might  be  a  difference  in 
the  results  if  a  spatula  were  used  instead  of  a  wire,  owing  to  the  fact  that  with 
the  former  the  water  could  be  more  perfectly  introduced  into  the  interstices  of 
the  coal. 

Table  7. — When  the  miring  was  done  tvith  a  wire. 


Water 

added 

per  gram 

of  coal. 

Total  volatile 
matter. 

Ash. 

Average. 

Total 
volatile 
matter. 

Ash. 

Percent. 
16.32 

Oramt. 
0.00 

Per  cent. 
56.92 
5-.  42 
58.00 

Percent. 
16.61 
16.68 
15.77 

Percent. 
57.68 

0.06 

52.25 
52.34 

17.63 
17.68 

52.30 

17.66 

ai 

52.50 
52.60 
52.86 

17.76 
17.65 
18.06 

52.64 

17.82 

a2 

0.Z 

63.71 
53.90 

52.86 

17.98 

53.86 
62.86 

17.98 
17.80 

17.80 
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Water 

added 

per  gram 

of  coal. 

Total  voladle 
matter. 

Ash. 

Average. 

SerB.1. 

Sers.2. 

Total 
volatile 
matter. 

Ash. 

Orame. 
0.1 

0.2 
0.3 

PercL 
*56.'72  ' 

'so-'m" 

'5i.*47" 

Perct. 

51.03 

52.42 

Percent. 

Percent. 
51.39 

51.64 
52.01 

Percent, 
17.71 

17.78 
17.94 

17.71 

52.74 

17.78 

52.55 

17.94 

The  results  with  Ne^os  coal  No.  23  when  analyzed  by  the  official  method  are 
as  follows: 

TABLE  8. 


water 

added 

pCTgrai 

of  coal. 

Total 
volatUe 
matter. 

Ash. 

Average. 

Total 
volatile 
matter. 

Ash. 

Orame. 
0.00 

ai 
a2 

0.3 

Per  cent.  Per  cent. 
71.73           9.67 
70.00         10.22 
54.13          13.28 
52.53    ,      14.28 
53.62          14.19 

Percent. 
70.86 

54.13 

52.53 

1      53.62 

Percent. 
9.99 

13.28 
14.28 
14.19 

The  cause  of  variation  in  these  averages  when  the  amount  of  water  Is  changed 
can  be  resolved  Into  two  opposing  factors.  First,  the  water  serves  to  dampen 
and  hold  together  the  solid  particles,  thereby  preventing  mechanical  loss.  The 
percentage  of  ash  after  the  first  addition  of  water  increases  until,  with  the  addi- 
tion of  about  20  per  cent,  the  value  Is  very  close  to  that  obtained  by  the  smoklng- 
off  process.  Secondly,  the  water  exerts  an  Influence  on  the  decomposition  of  the 
coals,  tending  to  increase  the  percentage  of  volatile  matter.  Tables  6  and  7 
show  that  as  water  is  added  the  apparent  total  amount  of  volatile  matter  rapidly 
diminishes  until  mechanical  losses,  as  shown  by  the  fact  that  the  percentage  of 
ash  agrees  with  that  obtained  by  the  smoklng-ofP  process,  are  overcome.  On  the 
further  addition  of  water  the  percentage  of  volatile  matter  does  not  remain  con- 
stant, as  would  be  the  case  if  the  dampening  effect  were  the  only  factor,  but  it 
increases  while  the  percentage  of  ash  does  not  change.  In  the  beginning,  and 
until  al)out  20  per  cent  of  water  has  l)een  added,  the  first  factor  predominates ; 
after  this  the  second  is  made  evident.  In  order  further  to  show  the  extent  of 
the  action  of  water,  experiments  were  made  with  two  coals  as  follows : 

Table  9. — Analyses  of  coals. 


No. 

Source  of  tho  coal. 

Official  method. 

Ash, 

Total 
volatUe 
matter. 

Fixed 
carbon. 

Ash. 

smoking- 

oflf 
method. 

?4 

Polillo 

Percent. 
48.53 
38.63 

Percent. 
44.92 
48.98 

Percent. 
5.99 
12.39 

Percent. 
6.00 

1 

Australia 

12.54 
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The  duplication  in  the  percentages  of  ash  by  the  two  methods  shows  that  the 
official  method  of  analysis  is  accurate  when  used  here.  The  effect  of  water  in 
varying  amounts  on  the  decomposition  of  the  coal  when  this  method  is  used  is 
shown  by  the  following  numbers: 

TabUle  10.— PoMWo  coal.  No,  24, 


Water 

added 

per  gram 

of  coal. 

Total 
volatUe 
matter. 

A5h. 

Ayerage. 

Total 
volatUe 
matter. 

Ash. 

OraiM. 
0.0 

0.1 

0.2 

0.3 

Percent. 
48.52 
48.54 
49.77 
49.61 
50.19 
50.34 
50.32 

Percent. 

5.99 

5.96 

55.90 

.80 

Percent. 
48.53 

49.69 

50.26 

50.32 

Percent, 
5.96 

5.85 

5.89 

5.89 

Table  11. — Australia  coal,  No,  1  {coking). 


Water 

added 

per  gram 

of  coal. 

Total 
volatUe 
matter. 

Ash. 

Average. 

Total 
volatile 
matter. 

Ash. 

QravM. 
0.0 

0.05 
0.1 
0.2 
0.3 

0.4 

Percent. 
38.60 
38.65 
40.09 
40.24 
40.70 
41.20 
40.77 
41.60 

Percent. 
12.44 
12.36 

Percent, 
38.62 

40.09 
40.24 
40.70 
40.99 

41.60 

Percent. 
12.40 

12.38 

12.38 

12.33 

12.33 

These  samples  represent  widely  different  kinds  of  coal,  but  the  results  show 
that  loosely  held  water  in  the  coals  increases  the  value  of  the  volatile  combus- 
tible matter  by  about  one  and  a  half  per  cent.  Nearly  all  of  this  Increase  results 
from  the  addition  of  the  first  5  per  cent  of  water. 

On  the  other  hand,  direct  data  have  been  given  to  show  that  there  Is  a  positive 
difference.  My  results  give  discrepancies  between  the  fixed  carbon  and  ash  as 
determined  by  the  two  methods  which  are  not  directly  proportional  and  there- 
fore are  not  due  wholly  to  mechanical  losses.  Fortunately,  this  difference,  due 
to  the  varied  heat  treatments  of  the  two  methods.  Is  smallest  in  the  case  of  coals 
which  can  only  be  Inaccurately  analyzed  by  the  official  method;  it  is  also  in 
these  coals  where  large  variations  in  the  percentage  of  moisture  are  apt  to  take 
place.  Moisture  has  no  influence  on  the  fuel  ratio  calculated  from  results  ob- 
tained by  the  smoking-off  method,  while  large  variations  by  the  official  method 
In  case  it  were  applicable — that  is,  barring  mechanical  losses — would  be  antici- 
pated. Therefore,  the  variation  produced  by  the  altered  breaking  down  of  the 
coal  by  the  different  heat  treatments  in  the  two  methods  is  probably  not  greater 
and  perhaps  even  less  than  that  which  would  be  possible  with  the  official  method 
alone,*  while  with  the  smoking-off  method  the  mechanical  losses  are  overcome. 

In  describing  the  coke  ovens  of  the  Colorado  EHiel  and  Iron  Company  at  Se- 
gundo,  Colo.,  Mr.  Hosea  says :  ^  "  The  larry  cars  hold  51  to  6  tons  of  disinte- 

«  The  results  of  Table  10  show  that  the  greatest  change  in  the  percentage  of 
fixed  carbon  Is  produced  by  a  variation  of  the  loosely  held  water  by  not  more 
than  5  per  cent  Unless  care  is  exercised  such  variation  may  occur  while  the 
sample  is  being  taken  and  during  Its  transportation  to  the  laboratory.  Cf.  Som- 
ermeler,  K  E.:  J.  Am.,  Chem.  Soc.  (1906),  28,  1630. 

''Hosea,  R.  M.:  Mines  and  Minerals,  Denver,  Colo.  (1904),  25,  S. 
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grated  washed  coal,  and  each  weighs  12  tons  loaded.  This  is  the  customary 
charge  for  ovens  of  this  pattern,  and  the  charge  Is  coked  in  forty-eight  hours, 
producing  from  31  to  3}  tons  of  coke,  or  a  yield  of  from  60  to  65  per  cent."  It 
Is  evident  from  the  above  that  the  coal  in  the  furnace  is  more  slowly  heated 
than  it  is  by  the  official  method,  although  the  latter  is  intended  to  approach  the 
actual  conditions  in  a  coke  oven.  Probably,  by  the  smoklng-off  method  this  is 
more  nearly  attained,  since  seldom  more  than  seven  to  nine  minutes  are  required 
to  expel  the  volatile  matter.  The  curves  demonstrate  clearly  that  the  smoklng- 
ofF  method  is  more  reliable  for  general  use  than  the  official  method.  Varying 
quantities  of  water  have  no  effect  with  the  former,  while  the  curves  obtained 
by  the  latter  under  similar  conditions  are  more  or  less  variable;  therefore,  I 
heartily  recommend  the  smoking-off  method  for  general  adoption. 

In  order  to  ascertain  how  much  of  the  entire  "  seven  minutes  over  the  full 
heat  of  a  Bunsen  burner"  is  necessary  in  the  analysis  of  coal  by  the  official 
method  the  following  experiment  was  made  on  Australian  coal  No.  1.  About 
one  and  a  third  minutes  were  required  to  expel  the  gases  which  came  off  at  a 
rate  fast  enough  to  bum.  The  results  Indicating  the  influence  on  the  per- 
centage of  total  volatile  matter  when  the  crucible  and  sample  were  subjected 
to  the  regulation  flame  for  varying  lengths  of  time  are  noted  below : 


Time 

over  the  full 

flamo. 

Total 
volatile  mat- 
ter. 

Minutes. 
3 
4 
7 

Percent. 
38.65 
38.50 
38.65 

Furthermore,  to  determine  with  the  smoklng-off  process  whether  or  not  the 
subjection  to  the  full  heat  of  the  Bunsen  burner  for  seven  minutes  is  necessary 
or  to  what  extent  essential,  a  number  of  experiments  were  made  on  Negros 
coal  No.  21.  The  samples  were  carefully  smoked  off  and  then  heated  over  the 
regulation  flame  for  varying  lengths  of  time,  as  noted  below,  with  the  following 
results : 


Time  over 
the  full  flame. 

Total 
volatUe  matter. 

Minutes. 
1 
3 
4 
5 
6 
7 

Percent. 
48.53 
49.46 
60.271 

g;24coDstent. 

fl60.24j 

It  has  already  been  shown  ^  that  heating  until  all  gases  apparently  cease 
Issuing  from  the  crucible  is  not  sufficient  In  the  experiments  with  finely 
powdered  coal  such  a  sufficiency  was  most  nearly  attained.  My  results  show 
that  by  either  method  the  gases  are  all  expelled  after  four  minutes  of  heating ; 
also  that  there  is  no  loss  on  further  heating.  In  the  analyses  of  these  par- 
ticular coals  considerable  latitude  might  be  allowed. 

A  qualitative  experiment  will  show  in  a  few  minutes  whether  or  not  a  coal 
suffers  mechanical  loss  by  the  official  method.  It  has  been  demonstrated  that 
the  latter  is  thoroughly  applicable  in  the  analysis  of  some  of  the  Philippine 
coals — that  is,  to  bituminous  coals  which  sinter  together  and  to  noncoking 
coals  where  there  is  no  mechanical  loss — ^whlle  it  Is  not  at  all  tenable  and  Is 
just  as  thoroughly  inapplicable  in  the  analysis  of  certain  other  native  coals. 
Therefore  the  problem  of  establishing  an  entirely  satisfactory  method  is  not 
nearly  so  simple  as  it  was  at  first  thought  to  be.  Any  method  where  a  correc- 
tion is  involved  is  not  satisfactory,  but  it  would  necessarily  have  to  be  used 
if  an  attempt  were  made  to  formulate  a  method  applicable  alike  to  all  the  coals 
of  the  archipelago. 

^  The  average  of  four  results,  the  greatest  variation  of  which  is  0.06  per  cent 
»  Wright  U  T. :  J.  Soc.  Chem.  Ind.  (1885),  4,  657. 
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For  the  present,  in  order  to  facilitate  direct  comparison  witli  coals  from 
other  sources,  we  shall  continue  to  use  the  official  method  in  this  laboratory 
wherever  it  is  applicable,  but  in  those  cases  where  it  entails  large  losses  we 
shall  employ  the  smoking-off  process,  followed  by  seven  minutes  over  the  fun 
flame.  The  experiments  show  that  less  than  seven  minutes  would  suffice,  but 
since  no  loss  is  entailed  by  the  seven-minute  treatment  it  is  well  to  maintain 
uniformity.  The  means  of  estimating  moisture,  fixed  carbon,  and  ash  as  out- 
lined by  the  committee  are  satisfactory  In  these  noncoklng  coals,  provided  the 
volatile  matter  is  carefully  smoked  off  from  that  portion  on  which  the  arfi  is 
determined.  The  recommendations  for  the  determination  of  ash  are  to  **  bum 
the  portion  of  powdered  coal  used  for  the  determination  of  moisture  till  free 
from  carbon.  If  properly  treated,  this  sample  can  be  burned  much  more 
quickly  than  the  dense  carbon  left  from  the  determination  of  volatile  matter.** 
In  the  case  of  noncoklng  coals  there  seems  to  be  no  difference  in  the  time 
required,  whether  the  sample  used  for  the  determination  of  moisture  or  that 
left  from  the  determination  of  volatile  matter  Is  employed.  In  fact,  there  is 
this  to  be  said  In  favor  of  the  latter  that  it  is  all  ready  to  burn.  If  the  former 
Is  used.  It  must  first  be  carefully  smoked  off  with  the  crudble  lid  on  tight  to 
prevent  mechanical  loss  of  ash. 

If  the  smoklng-off  method  is  used  only  when  the  official  method  shows 
mechanical  loss,  It  will  suffice  for  commercial  work  to  neglect  the  difference 
in  the  breaking  down  of  the  hydrocarbons  of  the  coals  by  different  heat  treat- 
mait,  as  Is  Indicated  by  the  data  from  Negros  coals  Nos.  21  and  23,  and  to 
consider  the  results  obtained  by  the  smoklng-off  process  directly  comparable 
with  the  analyses  of  coking  coals  analyzed  according  to  the  directions  of  the 
conmiittee  on  coal  analysis.  If  coals,  the  volatile  matter  of  which  Is  high  in 
heavy  hydrocarbon  compounds,  are  analyzed  by  the  smoklng-off  method,  then 
the  factor  of  the  difference  In  the  breaking  down  of  these  compounds  Is  of 
suffidait  magnitude  to  demand  consideration. 

SUMMABT. 

1.  The  directions  for  coal  analyses  recommended  by  the  committee  appointed 
by  the  American  Chemical  Society  are  Inapplicable  to  certain  Philippine  coals. 

2.  These  coals  are  easily  detected  by  the  shower  of  incandescent  carbon  par- 
ticles which  are  driven  off  when  the  sample  is  subjected  to  rapid  heating. 

3.  This  mechanical  loss  can  be  overcome  by  expelling  the  volatile  matter  with 
sufficient  slowness  so  that  the  escaping  gases  do  not  Ignite.  This  is  demon- 
strated by  the  fact  that  when  the  fixed  carbon  Is  burned  to  ash,  the  perc^itage 
of  the  latter  Is  much  higher  than  that  obtained  by  the  official  method. 

4.  An  Increase  in  the  amount  of  moisture  in  a  coal  increases  the  percentage  of 
volatile  combustible  matter  when  the  official  method  is  used.  When  the  smok- 
ing-off method  is  applied — that  Is,  when  the  gases  are  expelled  very  slowly — a 
variation  In  the  amount  of  water  produces  no  change. 

5.  A  comparison  of  the  official  and  the  smoklng-off  methods  shows  a  dlffer^ice 
in  the  breaking  down  of  the  volatile  Ingredients  of  a  coal.  This  discrepancy  is 
least  in  those  coals  where  there  is  mechanical  loss  by  the  former  method.  It 
varies  with  the  complexity  of  the  volatile  constituents,  and  Is  probably  due  to 
the  variation  In  the  heavy  hydrocarbon  content,  for  those  coals  to  which  the 
official  method  is  Inapplicable  are  deficient  In  lllumlnants. 

6.  If  the  smoklng-off  method  Is  employed  only  when  the  official  method  ^Tes 
inaccurate  results,  the  difference  In  the  breaking  down  of  the  volatile  constitu- 
ents is  less  than  that  produced  by  a  variation  in  the  amount  of  water  In  a  coal 
analyzed  by  the  official  method.  Under  these  conditions,  it  will  suffice  for  com- 
mercial puri)0ses  to  neglect  the  variation  in  the  breaking  down  of  the  volatile 
Ingredients  by  the  different  heat  treatments  and  to  consider  the  results  as 
directly  comparable  to  those  obtained  by  the  official  method. 

7.  The  official  method  is  assumed  to  approach  the  conditions  existing  in  a  coke 
oven.  In  actual  practice  the  coal  Is  charged  In  large  bulk,  and  the  distillation 
necessarily  begins  slowly.  In  the  smoking-off  method  furnace  conditions  are 
more  nearly  attained. 
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STTLPHITB  IN  THE  PHILIPPINES. 

(Edited  by  the  Bureau  of  Science,  Manila.) 

By  Maubice  Goodman. 

Tacloban  and  Burauen  are  connected  by  a  wagon  road  about  26  miles  long, 
which  passes  through  the  towns  of  Palo,  Tanauan,  and  Dagami.  The  portion 
of  the  road  between  Tacloban  and  Tanauan,  a  distance  of  about  9  miles,  is  In 
excellent  condition  and  easily  passable  in  any  sort  of  weather.  Broken  bridges 
between  Tanauan  and  Dagami  make  the  second  portion  of  the  road,  which  is 
about  11  miles  long  and  otherwise  in  very  good  condition,  somewhat  more  diffi- 
cult for  a  wagon  or  cart  to  travel.  The  last  portion  of  the  road  between  Dagami 
and  Burauen  Is  by  far  the  worst,  being  almost  Impassable  In  a  cart  in  the  rainy 
season  on  account  of  the  mud.  From  Burauen  to  the  solfataras  is  a  distance  of 
about  6  miles.  The  two  places  are  connected  by  a  mountain  trail  which, 
although  good  the  greater  part  of  the  way,  is  in  places  so  rough,  steep,  and 
overgrown  that  It  would  have  to  be  repaired  before  It  became  passable  to  pack 
animals. 

Going  south  from  Burauen,  Leyte,  the  Dagultan  River,  about  200  feet  wide,  is 
crossed  at  the  outskirts  of  the  town.  The  trail  Is  in  good  condition  and  remains 
fairly  level  up  to  the  crossing  of  the  Marabang,  about  2  miles  beyond  Burauen. 
Beyond  the  crossing  of  the  Marabang  the  trail  becomes  steeper  and  more  diffi- 
cult, but  yet  passable  with  a  horse,  at  least  so  far  as  the  barrio  of  Jlbonaoan. 
This  Is  a  small  barrio  of  about  a  dozen  families,  all  of  whom  are  engaged  In  the 
cultivation  and  the  stripping  of  hemp,  the  main  Industry  of  this  part  of  the 
province.  Beyond  Jlbonaoan,  still  following  a  southerly  direction,  the  winding 
trails  lead  through  a  series  of  hemp  plantations  constantly  ascending  toward 
the  summit  of  Mount  Kanslbol,  the  elevation  of  which  Is  about  1,020  feet  above 
sea  level.  Nearlng  the  summit,  which  is  about  2i  miles  south  of  the  barrio  of 
Jlbonaoan,  the  trail  becomes  rough  and  steep,  cultivation  gradually  ceases  and 
is  succeeded  by  a  natural  forest  of  fine  tall  hard-wood  trees.  About  half  a 
mile  beyond  the  Kanslbol  Is  a  narrow  cut  In  the  mountains  aptly  called  La 
Puerta,  the  approximate  elevation  of  which  above  the  sea  level  is  1,310  feet. 

The  descent  of  the  southern  slope  of  the  ridge  Is  rather  sharp  and  made 
difficult  by  the  thickly  intertwining  underbrush.  The  earliest  indication  of 
solfatarlc  activity  is  observed  in  crossing  the  Mainit  River,  about  a  third  of  a 
mile  south  of  La  Puerta.  This  stream  is  only  about  15  feet  wide  and  remark- 
ably clear,  but  so  scalding  hot  that  It  can  not  be  waded.  The  banks  of  the 
stream  are  barren  of  vegetation  and  covered  with  white  kaollnlzed  Igneous 
bowlders,  between  and  in  the  interstices  of  which  are  small  quantities  of  native 
sulphur. 

The  source  of  the  heat  and  sulphur  carried  by  the  Malnlt  lies  in  the  sol- 
fatara,  which  is  only  about  a  fourth  of  a  mile  east  of  the  river  crossing  and 
about  100  feet  above  it.  The  To-od  Grande,  as  the  solfatara  is  called,  is  a 
large  barren  space  about  800  feet  wide.  Its  surface  consists  of  white  kaolin, 
resulting  from  the  corrosion  by  acid  fumes  of  some  igneous  rock,  probably 
andeslte.  A  portion  of  the  superficial  layer  has  incrusted  upon  It  a  greenish 
yellow  mixture  of  sulphur  and  clay  deposited  from,  the  sulphurous  gases,  which 
still  emanate  from  numerous  fissures  and  crater-Ilke  openings  In  the  surface  of 
this  barren  area. 
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These  openings  are  of  two  kinds:  Dry  vents  from  which  gases  escape  into 
the  atmosphere  without  the  association  of  water,  and  wet  holes,  which  are  like 
large  earthen  caldrons  containing  either  boiling  mud  or  water.  Extending  some 
distance  around  the  orifices  of  the  dry  vents  there  is  usually  formed  an  incrusta- 
tion of  l>eautiful  yellow  crystals  of  pure  sulphur.  The  bulk  of  the  sulphur, 
however,  lies  in  the  impure  clayey  mixture  distributed  over  the  surface  in  irreg- 
ular patches.  An  average  sample  of  the  crust  to  a  depth  of  about  9  inches 
yielded  on  analysis  66.1  per  cent  of  free  sulphur. 

The  To-od  Pequefio  is  a  continuation  of  the  same  solfatara,  situated  to  the 
south  of  and  at  a  somewhat  lower  level  than  the  TokhI  Grande.  It  exhibits 
the  same  phenomena  as  the  upper  solfatara,  but  is  much  smaller  in  area.  In 
one  portion  of  the  To-od  Pequefio  is  a  large  cave,  from  the  bottom  of  which 
issue  steam,  sulphurous,  chlorine,  and  other  gases,  corroding  the  sides  and  roof 
of  the  vault  and  giving  to  it  a  varicolored  appearance,  due  to  the  secondary 
minerals  formed.  About  one-half  mile  southeast  of  the  To-od,  and  separated 
from  it  by  a  high  ridge  of  andesite,  is  another  solfatara,  called  the  Pangujaan. 
It  is  situated  on  the  southern  slope  of  a  slide  about  125  feet  high  and  about  300 
feet  wide,  from  the  sides  of  which  four  or  five  larger  and  several  more  smaller 
vents  give  off  steam  and  sulphurous  gases  in  a  continuous  flow.  As  at  the 
To-od,  these  vents  are  usually  ringed  with  a  sublimate  of  sulphur,  close  ap- 
•proach  to  which,  however,  is  very  difficult  on  account  of  the  preclpitousness  of 
the  slide  as  well  as  on  account  of  the  heat  and  the  obnoxious  gases  givai  off. 
Occasionally  the  channel  leading  to  one  of  these  vents  becomes  closed  and  the 
flow  of  gases  is  deflected,  in  which  ev^it  the  rich  sublimate  which  has  formed 
in  the  neck  and  al)out  the  mouth  of  the  vent  becomes  covered  over  with  a  8ul>8e- 
quent  layer  of  kaolin,  forming  a  hidden  deposit  of  almost  pure  sulphur. 

South  and  southwest  of  the  two  solfataras  are  two  small  lakes  which  drain 
that  region.  The  smaller  of  these,  called  the  Malaksan,  has  low  and  flat  banks, 
is  quite  shallow,  and  is  about  100  feet  long  and  about  500  feet  wide.  Its  waters 
are  slightly  acid  and  apparently  barren  of  all  living  matter.  The  larger  and 
deeper  of  the  two  lakes,  called  the  Pangi,  is  situated  about  one-half  mile  south 
of  the  Malakasan  and  has  high  steep  and  wooded  banks,  and  contains  fresh 
water,  with  an  abundance  of  large  fish.  The  approximate  altitude  of  the  two 
lakes  are  respectively  1,230  and  1,160  feet  above  the  sea  level.  With  the  exception 
of  a  few  occasional  fishermen  who  venture  into  this  country,  the  entire  neighbor- 
hood of  the  solfataras  is  uninhabited  and  uncultivated  for  miles  around. 

The  two  most  important  solfataras  on  the  island  of  Biliran,  which  lies  Just 
north  of  Leyte,  are  located  upon  the  slopes  of  Mount  Guiron.  The  San  Antonio, 
situated  on  the  western  slope  at  an  altitude  of  about  1,100  feet,  comprises  one 
pertenencla,  and  the  other,  the  Santa  Rosalia,  situated  on  the  eastern  slope 
about  600  feet  higher  than  the  San  Antonio,  comprises  two  pertenencias.  About 
twenty-five  years  ago  considerable  money  was  spent  in  the  development  of  these 
two  concessions,  mainly  in  the  construction  of  roads  and  pack  trails  between 
the  solfataras  and  the  two  towns  of  Naval  and  Caiblran,  situated  respectively 
on  the  west  and  east  coasts  of  Biliran.  Another  trail  passed  over  Mount  Guiron 
between  the  two  solfataras,  making  the  connecting  link  in  a  direct  route  between 
the  two  principal  towns  on  the  island.  Although  still  well  defined  and  for  the 
most  part  easily  passable,  portions  of  the  trail  have  become  so  overgrown  that 
this  route  across  the  island  has  fallen  into  general  disuse. 

The  San  Antonio  solfatara  in  Its  general  aspect  is  very  similar  to  the  To-od, 
south  of  Burauen,  but  is  on  a  smaller  scale,  possessing  an  open  expanse  of  only 
about  250  by  350  feet,  or  about  one-fifth  of  that  of  the  To-od.  Its  surface  is 
pierced  by  numerous  vents,  some  of  them  as  large  as  10  feet  in  diameter,  pre- 
senting the  same  phenomena  as  are  exhibited  on  the  To-od.  The  highest  temper- 
ature recorded  In  the  examination  of  the  several  wet  holes  was  210°  P.,  which 
is  equivalent  to  the  boiling  point  of  water  at  this  altitude.  The  hot  gases 
emitted  from  the  dry  holes  made  it  impossible  to  approach  them  close  enough  to 
observe  their  temperature  with  an  ordinary  thermometer. 

The  Santa  Rosalia  solfatara  is  situated  at  the  head  of  the  Mapula  RIvct, 
which  flows  eastward  and  empties  into  the  Caiblran  River  near  the  town  of 
Caiblran.  It  differs  from  the  San  Antonio  and  the  To-od  solfataras  in  that  it 
does  not  lie  upon  a  barren  or  comparatively  level  flat,  but  covers  both  sides 
and  the  bottom  of  a  low  steep  ridge  and  gully.  It  differs  also  in  that  it  is  no 
longer  apparently  active,  though  apparently  but  recently  extinguished.  The 
Mapula,  which  flows  about  25b  feet  below  the  solfataras,  is  so  highly  mineralized 
as  to  be  unfit  to  drink,  and  its  temperature  in  the  neighborhood  of  the  solfatara 
is  about  95**  F. 
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It  is  the  poorest  of  the  solfataras,  both  in  quantity  and  in  quality  of  the 
sulphur  ore,  but  that  this  condition  may  be  due  to  previous  exploitation  is 
likely. 

To  make  a  close  estimate  of  the  amount  of  sulphur  available  in  any  of  the 
solfataras  mentioned  is  impossible,  on  account  of  the  irregularity  of  the  de- 
posit in  grade  as  well  as  in  dimension.  From  such  data  as  may  be  obtained 
from  a  superficial  examination  alone,  it  is  estimated  that  about  3,000  tons  of 
sulphur  are  in  sight  at  the  To-od  and  Pangajaan  solfataras  south  of  Burauen, 
while  at  the  San  Antonio,  on  the  island  of  Biliran,  the  estimated  amount  is 
about  400  tons.  The  sulphur  In  sight  at  the  Santa  Rosalia  is  inappreciable  in 
amount  Of  all  the  sulphur  in  sight  there  must  be  deducted  25  per  cent  for 
losses  in  mining  and  treatment  of  the  sulphur  ore,  which  leaves  about  2,250 
tons  obtainable  at  the  Burauen  solfataras  and  only  about  300  tons  at  the  San 
Antonio.  The  proportion  of  loss  in  treatment  will,  of  course,  depend  on  the 
process  adopted,  but  before  deciding  upon  the  method  of  extraction  best 
adapted  to  the  ores  and  locality  an  investigation  of  the  problem  of  transporta- 
tion of  the  refined  sulphur  from  the  solfataras  to  Tacloban  reveals  the  follow- 
ing condition: 

Both  ponies  and  carabaos  are  scarce  in  the  neighborhood  and  highly  valued. 
Ordinary  laborers  are  obtainable  at  W.75.  It  is  calculated  that  It  would  cost 
n?  to  pack  a  ton  of  sulphur  from  the  solfataras  to  Barauen,  and  by  analogy 
to  prices  paid  over  similar  roads  for  transportation  in  other  parts  of  the 
islands,  it  is  estimated  that  the  cost  of  hauling  the  sulphur  from  Burauen  to 
Tacloban  on  carabao  carts  would  be  about  P31  per  ton.  Freight  from  Tacloban 
to  Manila  would  cost  an  additional  nO  a  ton,  making  the  total  cost  of  trans- 
portation from  the  solfataras  to  Manila  about  ^58  per  short  ton.  In  view  of 
the  limited  supply  of  sulphur  available  It  would  not  appear  advisable  to  in- 
stall expensive  hauling  apparatus  to  reduce  the  cost  of  transportation,  and  as 
Japanese  refined  sulphur  may  be  purchased  in  Manila  at  about  ^50  a  short 
ton,  it  is  plain  that  the  exploitation  of  the  Burauen  solfataras  must  prove  an 
unprofitable  undertaking. 

In  the  case  of  the  San  Antonio  solfataras,  on  the  island  of  Blllran,  the  cost 
of  transporting  the  refined  sulphur  to  Manila  would  not  be  nearly  so  expensive 
as  it  would  be  from  the  Burauen  solfataras.  The  cost  of  transiwrtatlon, 
including  the  cost  of  packing  on  ponies,  from  the  solfataras  to  Naval,  putting 
the  product  aboard  the  boat  at  Naval,  and  freight  from  Naval  to  Manila, 
would  be  about  P37  per  short  ton. 

Owing  to  the  small  amount  of  available  sulphur,  the  process  of  extraction 
adopted  would  have  to  be  one  requiring  the  least  expenditure  for  plant,  and 
naturally,  therefore,  the  least  economical  in  extraction.  A  calcarone  about  25 
feet  in  diameter  and  about  7  feet  deep  would  cost  to  construct  about  WOO,  but 
the  loss  in  treatment  would  scarcely  be  less  than  33  per  cent,  leaving  of  the 
estimated  400  tons  of  sulphur  in  sight  only  267  tons  available  of  refined  sul- 
phur. It  Is  estimated  that  the  cost  of  stripping,  transporting  to  calcarone, 
charging,  and  smelting  would  amount  .to  about  W.37  per  ton  of  sulphur  pro- 
duced, or  about  WOO  for  the  entire  amount  available.  This  sum  would  pay  for 
the  hire  of  1  foreman  at  M  and  6  laborers  at  W.75  per  day,  working  for  four 
months,  which  time  would  be  sufiiclent,  if  operations  were  kept  up  continuously, 
to  extract  the  entire  estimated  quantity  of  available  sulphur. 

The  total  investment  would  then  be  approximately  as  follows : 

Construction  of  calcarone WOO 

Stripping  and  smelting 900 

Transportation  of  refined  sulphur  to  Manila 9,879 

Working  tools,  repairs  to  trails,  etc 000 

Total 11,  779 

Total  value  of  product  at  the  rate  of  WO  a  ton 13, 350 

According  to  the  above  estimate,  therefore,  the  San  Antonio  solfatara  could 
be  exploited  at  a  profit  of  n,571^  a  margin  of  profit  probably  too  small  to  in- 
terest anyone  but  a  small  investor. 
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(From  the  F^r  Eastern  Rerlew,  October,  1007,  p.  162.) 
THE  SVLPHmEt  DEPOSITS  OF  CAXIOinN  ISLAHD. 

(Edited  by  the  Bureau  of  Science,  Manila.) 
By  Hbnby  8.  Febouson. 

Camiguin  Island  is  the  soutbeastern  Island  of  the  Babuyanes  group.  It 
forms  one  of  the  chain  of  volcanic  islands  which  follow  the  one  hundred  and 
twenty-second  meridian.  The  position  of  Camiguin  Volcano  being  latitude  18* 
55"  north,  longitude  121**  52"  east,  and  lies  about  45  kilometers  northwest 
from  Cabo  E^gano  and  about  60  kilometers  north-northeast  from  Aparri.  No 
steamers  call  at  Camiguin,  and  the  only  communication  is  by  native  boat  from 
Aparri.  During  the  months  of  September,  October,  and  November  no  boats 
whatever  visit  the  island. 

The  entire  population  numbers  about  80,  of  whom  30  are  able-bodied  men. 
The  natives  are  lazy  and  shiftless,  and  live  on  the  verge  of  starvation  in  spite 
of  the  rich  soil  and  excellent  foresta  During  most  of  my  stay  there  I  found 
It  impossible  to  hire  laborers  at  any  price.  Mr.  Meyler,  who  has  lived  there 
for  several  years,  tells  me  that  it  is  practically  impossible  to  get  laborers  on 
the  island  or  to  induce  laborers  from  the  other  islands  or  Luzon  to  come  to 
Camiguin,  even  at  double  and  treble  the  ordinary  rates. 

The  island  is  about  20  kilometers  in  length  in  a  northeasterly  direction  and 
has  a  maximum  width  of  12  kilometers.  It  Is  heavily  wooded,  and  there  are 
no  trails  except  along  the  beach  for  short  distances  from  the  barrio,  hence  the 
Interior  Is  practically  inaccessible.  The  interior  is  mountainous,  the  hi^ieet 
peak  in  the  northern  part  having  an  altitude  of  2J47  feet  The  northern 
mountains  are  sharp  and  form  a  range  running  parallel  to  the  long  axis  of 
the  island.  As  far  as  I  could  see  none  of  these  mountains  seem  to  be  recent 
volcanoes,  although  It  is  perfectly  possible  that  they  may  be  the  erosion  rem- 
nants of  former  ones.  Camiguin  Volcano  stands  alone  in  the  southern  part 
of  the  island.  No  eruptions  have  ever  been  recorded  from  this  mountain;  It 
Is  everywhere  heavily  wooded  and  what  outcrops  of  Inva  were  found  were 
considerably  decomposed.  The  form  of  the  mountain  is  not  so  symmetrical 
as  Mount  Iraya  in  the  Batanes  Islands,  nor  Is  the  crater  so  well  defined,  bat 
like  Iraya,  there  are  the  ruins  of  an  old  cone  which  has  been  blown  away  and 
a  new  cone  built  up  inside  the  old  one.  To  the  north  of  the  mountain  Is  a 
plain  formed  of  lapllll  and  bits  of  pumice. 

Camiguin  has  a  bad  reputation  throughout  the  other  Islands  and  northern 
Luzon  becaujse  of  the  prevalence  of  fever.  The  natives  all  live  on  small 
swampy  plains,  which  have  been  built  up  by  the  streams  and  which  are  partly 
surrounded  by  evll-smelllng  marshes,  so  that  It  is  not  surprising  that  malaria 
and  dysentery  are  prevalent. 

The  coast  for  the  most  part  Is  irregular  and  uninviting  and  surrounded  by  a 
wide  coral  reef.  Porto  Santo  Plo  V.,  however,  Is  an  excellent  natural  harbor, 
far  better  than  Aparri  or  Santo  Domingo. 

Geologically  the  Island  consists  entirely  of  two  kinds  of  lavas,  andeslte  and 
basalt,  the  former  predominating  with  subordinate  amounts  of  volcanic  ag- 
glomerate. A  peculiar  feature  Is  the  absolute  lack  of  limestone  terraces  or 
raised  beaches,  showing  that  Camiguin  has  not  Joined  In  the  recent  general 
uplift  of  the  Philippines. 

On  the  southern  shore  are  two  springs  of  scalding  water,  analyses  of  which 
made  by  Mr.  V.  L.  Gana,  of  the  bureau  of  science,  gave  the  following  results: 


No.  1  spring  on  south  coast,  total  solids. 


Parts  per 
million, 
6,720.7. 


Per  cent  of 

total  soUds, 

100. 


810« 

AlsOi,  FejOi  (mostly  FejOi) 

MniOt 

CaO 

MjeO 

S0| 

KtO 

NatO 

Undetermined,  mostly  organic  matter,  chlorine,  and  CO« 

Total 


173.8 

787.8 

87.8 

853.0 

184.0 

1,M7.7 

188.3 

1,198.8 

1,606.8 


67,307.7 


09.04 
12.80 
1.53 
6.15 
3.32 
21.  U 
8.21 
30.96 
27.81 


99.tt 
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No.  2  spring  on  southwest  coast,  total  solids. 


Parts  per 
mlUlon, 
20,082.6. 


Per  cent  of 
total  solids, 
100. 


BiOt 

AlaOt,  FetOt. 

Mii«04 

CaO 

go 


178.6 
12.2 


0.89 
.06 


SOi 

K,0 

NaiO 

Undetermined  mineral,  mostly  organic  matter,  chlorine,  and  COs.. 


Total. 


575.4 
696.4 
700.4 
836.9 
7,970.6 
9,122.1 


20,092.6 


2.86 
3.47 
3.40 
4.16 
39.67 
45.40 


100.00 


Besides  these  there  are  numerous  other  sulphur  and  iron  springs  In  western 
and  northern  parts  of  the  island  that  are  slightly  warm  or  cold. 

Economic  Geology. 

The  principal  feature  of  the  economic  geology  of  Camiguin  Is  its  solfatara 
on  the  west  flank  of  the  mountain  about  a  mile  from  the  sea.  This  is  between 
one-fourth  and  one-half  mile  in  length  and  several  hundred  feet  wide,  following 
a  dry  stream  bed.  The  sulphur  is  very  fine  and,  while  of  course  the  depth  of 
the  deposit  is  unknown,  there  seems  to  be  a  considerable  amount  of  it.  The 
stream  vents  are  not  very  numerous  and  there  is  no  very  troublesome  flow  of 
hot  water.  A  solfatara  which  has  been  worked  commercially  In  Iceland  had  a 
smaller  surface  area  of  sulphur,  less  favorable  topography,  no  local  fuel  supply : 
a  stream  of  scalding  water  had  to  be  diverted  before  operations  could  be  begun, 
work  could  only  be  carried  on  during  a  part  of  the  year,  and  the  sulphur,  not 
as  pure  as  the  Camiguin  sulphur,  had  to  be  carried  by  ponies  a  three  days' 
Journey  over  rough  mountain  trails  to  the  point  of  shipment,  and  all  supplies 
carried  in  the  same  way.  It  was  this  last  Item  which  caused  the  abandonment 
of  the  Icelandic  sulphur.  If  test  pits  should  show  the  Camiguin  deposit  large 
enough  to  warrant  development,  there  Is  abundant  wood  fuel  at  hand,  and  the 
sulphur  could  be  purified  before  shipment.  It  would  only  be  necessary  to  pack 
the  sulphur  about  a  mile  to  the  beach,  where  it  could  be  sent  by  native  boat  to 
Aparri,  and  there  transhipped  (or  purified  there,  as  there  is  an  undeveloped 
coal  deposit  not  far  up  the  Cagayan  River),  or  else  it  could  be  carried  by  small 
boats  to  Porto  San  Pio  V,  where  steamers  might  call.  The  chief  problem 
would  be  labor.  This  would  b6  the  greatest  difficulty,  as  It  Is  doubtful  If  the 
natives  of  northern  Luzon  or  the  Batanes  could  be  induced  to  work  on  Camiguin 
Island.    The  isolated  situation  and  the  long  stormy  season  are  also  drawbacks. 

An  analysis  of  an  average  sample  of  this  sulphur  for  percentage  of  sulphur 
and  the  two  Impurities  which  can  not  be  freed — arsenic  and  selenium — made  by 
Mr.  W.  C.  Reibling,  of  this  bureau,  gave  the  following  result : 

Sulphur 81.6  per  cent 

Arsenic Trace  only. 

Selenium None. 

I  am  informed  that  on  the  east  flank  of  the  mountain  there  Is  another  even 
larger  solfatara,  but  I  was  not  able  to  visit  It. 

The  sulphur  of  Camiguin  deserves  investigation.  Test  pits  should  be  sunk 
to  bed  rock  to  ascertain  the  depth  of  the  deposit  in  the  known  solfataras  and 
the  region  around  the  volcano  should  be  thoroughly  explored.  In  the  hope  of  dis- 
covering new  deposits.  Native  Information  can  not  be  depended  upon,  as  the 
natives  have  a  suiierstitious  dread  of  the  mountain,  and  it  is  only  with  great 
difficulty  that  they  can  be  Induced  to  go  there. 

Besides  the  sulphur  there  Is  a  cave  on  the  south  coast  where  there  Is  a  coat- 
ing of  a  mineral  which  analysis  shows  to  be  a  mixture  of  aluminum,  magnesium, 
and  sodium  sulphates,  apparently  corresponding  to  the  rare  mineral  stuvenlte 
as  given  In  Dana's  system.  No  great  amount  Is  present  and  its  only  value 
would  be  as  mineraloglcal  curiosity.  A  small  amount  of  impure  gypsum  is 
associated  with  it. 

On  the  eastern  coast  of  the  island  there  is  a  point  where  the  natives  obtain 
excellent  whetstone.  I  was  unable  to  visit  the  deposit,  which  was  described  to 
me  as  a  whole  mountain  of  the  stone.  No  microscopic  examination  or  analysis 
has  yet  been  made,  but  the  stone  seems  to  be  in  the  nature  of  a  siliceous  de- 
posit, probably  from  spring. 


BTrUDINO  STONES,  CLAT,  LIME,  AND  CEMENT. 


(Ftom  the  Summary  of  Commerce  of  the  Philippine  Islands,  February,  1904,  p.  920.     The 
Official  Gazette,  May  4,  1904.) 

BTJILBINO  STONE  IN  THE  PHILIPPINE  ISLANDS. 

The  Philippine  resources  in  stone  for  building  and  other  construction  work 
and  road  metal  are  almost  unlimited.  Among  the  hard  crystalline  rocks  capable 
of  standing  heavy  pressure,  of  resisting,  weathering,  and  of  taking  high  polish 
should  be  mentioned  the  fine  gray  diorites  of  the  Cordillera,  found  in  almost 
every  province  upon  the  western  slopes  of  the  range,  and  in  Paragua,  the  gray 
tonalites  of  quartz  diorites  of  Tinagon  and  Golasi,  Panay,  equal  to  many  of  the 
best  granites,  and  a  rock,  apparently  a  true  syenite,  or  hornblende  granite,  re- 
cently found  In  Masbate.  Auglte-andesite  is  now  being  extensively  quarried  by 
the  Atlantic,  Gulf  and  Pacific  Company,  at  Marlveles.  for  the  works  of  the  im- 
provement of  the  port  of  Manila,  and  a  volcanic  tuff,  soft  when  quarried  but 
hardening  rapidly  upon  exposure,  is  quarried  in  large  amount  and  at  good  profit 
at  Meycauayan,  Bulacan,  and  Guadalupe,  Rizal,  and  elsewhere  for  building 
stone.  This  rock  has  been  used  in  enormous  quantity  in  the  construction  of 
churdies  and  other  buildings  in  the  Philippines  and  in  the  walls  and  fortresses 
of  Manila.  Crushed  andesite  has  been  extensively  used  in  street  work  in 
Manila  and  has  made  excellent  road  metal.  A  large  variety  of  the  neovolcanic 
rocks  have  been  used,  in  addition  to  gravel,  for  similar  purposes,  by  the  pro- 
vincial supervisors,  in  the  construction  of  roads. 


(From  the  Par  Eastern  Review,  December,  1907,  p.  21^) 

THE  STONE  QUAERY  OP  HA&IVELES. 

(Edited  by  the  Bureau  of  Science,  Manila.) 

By  H.  M.  iKis. 

The  quarry  of  the  Atlantic,  Gulf,  and  Pacific  Company  is  situated  on  Hombre 
Mountain,  on  the  extreme  point  of  Punta  Gorda,  and  about  3  miles  southeast  of 
the  town  of  Marlveles.  Seiiorita  Mountain  lies  at  the  base  of  the  point,  about 
one-half  mile  north  and  39*  west  of  Mount  Ilombre,  and  both  of  the  mountains 
are  about  520  feet  in  height  In  Sisiman  Bay,  which  furnishes  a  small  safe  har- 
bor on  the  east  side  of  the  point,  a  wooden  pier  has  been  erected  for  convenience 
in  loading  and  unloading  launches  and  scows. 

Quarry  No.  1  was  oi)ened  on  the  south  side  of  the  point,  the  foundations  for 
some  of  the  derricks  being  constructed  in  shallow  water  on  account  of  the  rock 
forming  a  cHflf  at  the  water's  edge.  A  cableway,  made  of  2i  steel  cable,  and  a 
span  of  1,5(M)  feet  is  used  to  assist  in  loading  the  scows. 

QuaiTy  No.  2,  which  is  really  a  part  of  No.  1,  extends  the  working  face  around 
the  end  of  the  point  and  well  along  the  east  side,  giving  In  all  a  working  face 
about  half  a  mile  long.  There  are  three  loading  places  in  quarry  No.  1  and  two 
in  quarry  No.  2.  Altogether,  25  derricks  are  working  along  the  face,  some  of 
which  are  intermediate,  while  others  are  used  to  load  the  scows.  While  but 
20-hor8epower  engines  are  employed  on  the  derricks  and  a  40-hor8epower  engine 
on  the  cable,  yet,  on  account  of  the  ease  and  rapidity  with  which  it  may  be 
handled,  a  derrick  will  move  more  rock  than  the  cable.  One  derrick  can  easily 
load  two  scows  of  0()0  tons  burden  each  per  day,  while  the  maximum  daily  ca- 
pacity of  the  cable  will  not  exceed  900  tons.  Another  serious  objection  to  the 
cable  is  the  long  chain  used  to  pick  up  the  large  bowlders,  the  swinging  of  which 
makes  it  dangerous  for  the  men  working  beneath  it.  Pieces  of  stone  weighing 
less  than  100  pounds  are  transported  in  tram  cars  to  a  No.  3  Gates  crusher, 
where  they  are  broken  in  li  by  2i  inch  sizes.  The  crushed  rock  is  then  run  out 
on  the  pier,  loaded  into  small  scows,  and  towed  to  Manila,  where  it  is  used  for 
concrete  work.  The  structure  of  the  different  rock  faces  of  the  quarry  is  of  par- 
ticular Interest  when  considering  the  rock  as  a  building  atone.  At  the  north- 
east side  of  the  point  the  rock  is  divided  by  vertical  jointing  planes  from  4  to  10 
feet  apart,  running  In  the  direction  south  22**  west    The  face  there  is  about  2(K) 
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feet  in  height.  On  the  south  side  of  the  qaany  Ko.  2  the  rock  face  is  100  feet 
high,  besides  a  10-foot  covering  of  earth,  and  exhibits  a  perfect  colnmnar  struc- 
ture. The  columns  are  four  and  five  sided,  from  16  inches  to  8  feet  throng  and 
although  they  stand  nearly  vertical,  break  off  at  an  angle  of  40**  from  the  hori- 
zontal. The  working  face  is  in  about  150  feet  from  its  original  position  at  the 
watcr*s  edge,  and  the  working  floor  is  about  20  feet  above  the  mean  level  of  the 
water  in  the  bay. 

Quarry  No.  1  shows  in  columnar  structure,  although  in  places  it  seems  to 
have  rough  parting  planes  inclined  at  less  than  30^  from  the  horizontal.  In 
the  center  of  the  face  of  this  quarry  is  a  space  about  45  feet  long  by  30  feet 
high,  occupied  by  soft  rock  with  a  great  deal  of  pink  gouge.  It  is  reported  that 
this  streak  has  continued  the  same  since  the  opening  of  the  quarry.  Se&orita 
Mountain  is  composed  of  the  characteristic  andeslte  of  the  country.  At  the 
extreme  top  of  the  mountain  the  rock  divides  into  thin  slabs,  some  of  which 
are  less  than  1  inch  thick  and  several  square  feet  in  area.  The  parting  planes 
run  in  the  direction  of  south  40**  west,  and  are  nearly  vertical.  Farther 
around  the  shore  on  Sisiman  Bay  much  darker  and  finer  varieties  of  this  stcme 
occur.  The  stone  of  the  quarry  is  too  soft  for  paving  blocks,  and  Is  reported 
to  wear  quite  rapidly  when  used  for  macadam  roads.  It  should  make  a  good 
building  stone,  however,  and  that  which  shows  a  columnar  structure  could  be 
shaped  without  great  difficulty.  The  remainder  of  the  stone  would  probably  be 
expensive  to  cut.  The  quantity  of  stone  is  almost  unlimitied,  although  the  por- 
tion which  has  the  columnar  structure  appears  to  l>e  comparatively  small.  As 
a  whole,  the  stone  is  very  solid  and  uniform.  Crystals  of  calcite  and  chabasite 
are  found  in  the  cavities  of  the  rock,  and  thin  layers  of  calcite  at  the  parting 
planes. 

About  1,500  Filipinos  were  at  one  time  employed  at  the  quarry,  of  whom 
nearly  all  are  permanent  residents  and  live  in  their  newly  built  nipa  bouses  oo 
the  reservation.  In  addition  to  these  there  were  between  30  and  40  Americans 
acting  as  foreman,  derrick  engineers,  storekeepers,  etc.  An  unusually  large  blast 
was  made  in  December,  1903,  as  a  result  of  which  it  Is  estimated  that  about 
400,000  cubic  yards  of  rock  were  thrown  down  by  something  like  50  tons  of 
dynamite.  Considering  the  amount  of  rock  handled,  accidents  are  few.  The 
workmen  appeared  to  be  happy  and  contented,  and  the  officials  of  the  company 
express  themselves  well  satisfied  with  the  Filipino  laborers. 


(From  the  Far  Eastern  Review,  February,  1906,  p.  256.) 
PHILUFIKE  UAEBLE  AND  CLAY. 

Marble  or  crystalline  limestone  occurs  in  the  islands  of  Romblon  and  Mindoro 
and  probably  elsewhere  in  the  group.  This  is  a  gray-blue  mottled  marble,  and 
much  of  it  seems  very  suitable  for  decorative  use,  while  crystalline  marble  has 
also  been  found  in  Mindoro  in  considerable  quantity. 

White  clays  or  kaolin  have  been  found  in  the  provinces  of  Abra,  Camarines, 
Ilocos  Norte,  Antique,  Benguet,  Cagayan,  Isabela,  I^guna,  Marinduque,  Masr 
bate,  Panipanga,  Pangasinan,  Albay,  Romblon,  and  Zambales.  The  suitability 
of  these  for  the  manufacture  of  porcelain  and  china  is  now  being  investigated. 
Red  clays,  from  which  natives  make  large  amounts  of  pottery  for  local  nse, 
are  found  In  almost  every  province  In  the  Islands.  Fire  clay  has  been  found 
in  the  coal  beds  and  may  afford  a  profitable  industry  in  the  future.  Red  bricks 
are  made  In  large  quantities  In  Bulucan,  Caplz,  Rlzal,  Ilocos  Norte,  Isabels* 
Marinduque,  Masbate,  and  Pampanga. 


THE  OCCTTBEENCE,  COMPOSITION,  AlH)  EABIO-ACTIVITY  07  THE   CLAT8 
FEOU  LUZON,  PHILIPPINE  ISLANDS. 

By  Alvin  J.  CJox. 
[From  the  Chemical  Division,  Bureau  of  Science,  Manila,  P.  1.1 
INTEODXJCTION.  • 

It  seems  hardly  necessary  to  define  a  material  of  such  common  occurrence  as 
clay ;  still  at  -the  outset  a  good  definition  may  more  clearly  indicate  some  of  its 
characteristics.    Rles  ^  says : 

"  The  term  clay  is  applied  to  a  natural  substance  or  rock,  which,  when  finely 
ground  and  mixed  with  water,  forms  a  pasty,  moldable  mass  that  preserves 
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its  shape  whoi  air-dried,  and  when  burned  changes  to  a  hard,  rock-like  sub- 
stance by  the  coalescence  of  its  particles  through  softening  under  the  action 
of  heat" 

In  other  words,  heat  expels  the  volatile  constituents,  decomposes  many  of 
the  finely  ground  particles,  and  causes  the  clay  to  sinter  together.  Clays  under 
the  microscope  are  shown  to  be  heterogeneous  aggregates  of  hydrous  and  anhy- 
drous aluminium  silicates  mixed  with  a  variable  quantity  of  other  crystals, 
mineral  particles,  and  impurities  in  all  stages  of  decay.  The  fact  that  silicate 
of  aluminiiun  Is  so  characteristic  a  constituent  of  clay  is  caused  by  this  sub- 
stance being  one  of  the  most  insoluble  of  natural  compounds.  The  size  of  the 
crystals  or  particles  varies  from  0.01  millimeter  up  to  grains  distinctly  visible 
to  the  naked  eye.  The  varieties  of  clays  are  extremely  numerous,  as  they  form 
a  continuous  series  ranging  from  pure  kaolin  (kaolinite)  down  to  the  more 
Imperfect  varieties.  This  variance  is  caused  by  the  Increasing  admixture  with 
kaolin  of  the  common  clays,  consisting  of  other  silicates  of  aluminium,  the  sili- 
cates, oxides,  carbonates,  etc.,  of  iron,  calcium,  magnesium,  and  the  alkalies,  as 
well  as  free  silica,  and  often  organic  matter.  Kaolinite  itself  may  only  enter 
Into  this  mixture  in  a  small  proportion.  This  variation  is  not  surprising  when 
we  consider  the  difference  in  the  compositon  of  the  original  rocks  from  which 
the  clays  are  derived.  Kaolinite  (pure  kaolin)  is  derived  from  the  aluminous 
minerals,  especially  feldspar.®  In  practice  it  rarely  exists  in  the  pure  state, 
since  decomposition  of  the  pure  parent  rock  seldom  takes  place  unassociated 
with  that  of  other  minerals,  foreign  substances  In  small  amount  being  always 
mechalnically  mixed  with  It ;  however,  because  of  Its  almost  universal  presence, 
it  is  often  considered  the  basis  of  all  clay.    Kaolinite  has  the  composition: 

OH 

8i20gAl2H4;b  or  perhaps  better  Al— Si04=!H3  which  indicates  its  relation  to  the 

8i04=Al 

parent  mineral  <";  it  contains  alumina,  39.45;  silica,  46.65;  and  water,  13.9  per 
cent,  respectively. 

Other  clays  result  not  only  from  the  decomposition  of  feldspar,  but  from 
the  breaking  down  of  other  associated  crystalline  silicates,  to  which  they  are 
related  somewhat  as  kaolin  Is  to  the  feldspars,  and  they  also  contain  foreign 
matter,  which  is  mixed  with  them.  Fsually  these  mixtures  are  so  complicated 
that  it  is  almost  impossible  to  identify  them.  Just  as  the  clays  range  from 
pure  kaolin  to  impure  varieties,  so  in  the  end,  because  of  a  greater  proportion 
of  certain  of  the  minerals  in  the  i>arent  rock,  the  products  of  decomposition  may 
lose  all  the  characteristic  physical  features  of  a  clay  and  thus  pass  out  of  this 
class  of  bodies  entirely. 

Clay  deposits  are  usually  designated  as  residuary  or  sedimentary.  As  the 
names  imply,  these  originate  from  their  method  of  formation,  accordingly  as 
this  is  due  to  the  decomposition  of  rocks  in  place  or  to  the  resulting  decomposi- 
tion products  being  transported  by  the  streams  and  deposited  in  regular  sedi- 
mentary beds  elsewhere.  Kaolin  is  termed  a  primary  or  residuary  clay  because 
it  is  always  in  the  condition  of  original  deposit.  This  is  true  of  that  from 
Laguna — that  is,  it  is  in  place,  but  thoroughly  leached  out.  The  formation  of 
all  clay  begins  in  the  same  way — by  the  decay  and  disintegration  of  the  rock 
mass.  In  this  Archipelago,  where  we  have  no  frost  during  the  year,  the  prin- 
cipal active  agents  accomplishing  this  change  are  water  and  the  sun.  Dana^* 
says :  '*  Feldspar  may  be  altered  through  the  action  of  waters  rendered  acid  by 
the  decomposition  of  sulphides."  Such  waters  filter  into  the  rock,  causing  par- 
tial disintegration,  then  the  drying  action  of  the  sun  opens  cracks  for  more 
water  to  enter  and  further  to  attack  and  break  down  the  mineral  grains  in  the 
rocks.  By  means  of  such  Infiltrating  waters  the  feldspar  of  the  feldspathlc 
rocks  acted  on  first  loses  its  lime,  which  is  soon  deposited  as  gypsum  (calcium 
sulphate),  next  its  alkalies  as  sulphates,  and  the  change  finally  ends  In  kaolin 
or  some  other  silicate  of  aluminium.     In  the  less  resistant  portion  of  the  vein 

«  Dana,  J.  D. :  A  System  of  Mineralogy,  New  York  (1900),  319,  gives  23  analy- 
ses of  this  species  from  varied  sources.  The  average  is  as  follows  (figures  give 
percentages):  SiO.,  65.06;  AljO.,  19.27;  CaO.  0.68;  K«0,  10.85;  NaiO,  3.68; 
FeiO^  0.16;  MgO,  0.07;  BaO,  0.05;  ignition,  0.08;  total,  99.9. 

*Groth,  P.:  Tabellarlsche  tJberslcht  der  Mlneralien,  Braunschweig  (1898), 
137. 

<^ Clarke,  F.  W.:  U.  S.  O.  S.  Bull.  (1905>,  125,  28;  McNeU,  H.  C:  Joum.  Am. 
(niem.  Soc.  (1906),  28,  .592. 

«« System  of  Mhieralogy,  New  York  (1900),  320. 
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the  weathering  will  penetrate  to  a  much  greater  depth  than  in  the  harder  parts. 
An  ideal  section  showing  the  characteristic  breaking  down  in  the  formation  of 
residuary  clay  deposits  is  as  follows : 

One  of  the  best  examples  known  to  me  where  audi  decomposition  is  now 
going  on  is  in  northern  Rizal  along  Macobnrobod  Greek.  This  stream  empties 
into  Poray  Creek,  San  Mateo  River,  about  10  kilometers  above  Montalban.  Its 
waters  are  extremely  acid  from  the  decomposition  of  sulphides.  Along  its 
banks  is  an  outcrop  of  vein  material  carrying  quartz  which  is  characteristically 
weathered  into  clay  and  which  shows  the  whole  process  taking  place  in  the 
formation  of  primary  clay  deposits.  The  quartz  is  unaffected  by  the  action  of 
these  waters  and  remains  as  grit  in  the  final  product.  Wherever  we  have  grit 
in  a  clay,  we  can  almost  invariably  attribute  it  to  unweath^^  particles  of 
quartz  which  were  present  in  the  parent  rock.  An  emulsion  of  the  above  clay 
was  filtered  through  a  60-mesh  sieve.  This  filtrate,  when  thoroughly  air-dried 
represents  the  result  of  the  decomposition  in  this  veia  and  the  product  is  as 
follows : 

Per  cent. 

Silica  .- 69. 00 

Alumina,  including  titanium  oxide 16.79 

Ferric  oxide 7.87 

Ferrous  oxide 0.42 

Lime 0.40 

Magnesia 0.00 

Alkalies 3.89 

Loss  on  ignition 7.46 

Water  below  110' 3.18 

Sulphur 4.79 

101.80 
Less  oxygen 1.79 

Total 100.01 

The  formation  of  a  great  many  of  the  clay  deposits  in  various  parts  of  the 
world  is  attributed  to  causes  almost  identical  with  the  above.  Bacon,<»  in  con- 
nection with  his  investigation  of  the  acid  waters  of  "  The  Crater  Lakes  of  Taal 
Volcano/*  has  recorded  that  aluminium  hydrate  Is  continually  bein^  deposited 
as  a  sediment  from  these  lakes.  It  appears  probable  that  many  of  the  clay  l>€d8 
of  the  Philippines  may  have  been  deposited  as  a  result  of  the  chemical  action  of 
similar  waters. 

As  the  raw  materials  vary,  so  in  a  similar  way  do  the  uses  to  which  clays  are 
put.  namely,  the  manufacture  of  porcelain,  stoneware,  earthenware,  tiles  (drain 
and  roof),  terra  cotta,  sewer  pipes,  common  bricks,  "vitrified"  bricks  for 
paving,  doorknobs,  playing  marbles,  as  a  filler  for  paper,*  a  food  adulterant,  etc. 
At  one  end  of  a  sorites  we  find  the  analyses  of  the  fine  European  porcelain,  which 
Is  made  from  practically  pure  kaolin,  with  admixtures  of  fitot,  feldspar,  etc 
and  at  or  near  the  other  we  encounter  the  crude  pottery  of  the  majority  of  sav- 
age tribes,  which  is  usually  made  from  clay  very  high  In  iron  and  containing 
very  little  kaolin.  If  we  continue  In  the  direction  of  siliclous  dilution,  we  find 
the  analyses  of  fire-clay  wares  and  of  the  so-called  "  dinas  brick  "  much  nsed 
for  building  purposes  in  many  places,  for  example,  in  western  Germany.  The 
latter  are  pure,  crushed  quartz,  excepting  the  residue  from  the  milk  of  lime  or 
clay  in  the  water  used  for  moistening  the  material  before  it  is  molded  into  the 
bricks  and  which  is  the  cementing  constituent. 

EXPEBl  MENTAL. 

The  object  of  this  paper  is  rather  to  show  in  a  preliminary  way  the  geologic 
distribution  and  quality  of  clays  on  Luzon  than  to  pronounce  upon  their  economic 
values.  The  chemical  composition  is  the  first  step  toward  a  complete  knowledge 
of  the  quality  of  these  materials,  and  I  therefore  give,  in  the  following  table, 
analyses  and  tests  of  a  few  specimens  of  the  Luzon  clays : 

«This  Journal,  Sec.  A,  Gen.  ScI.  (1907),  2,  120. 

*  Attention  has  already  been  directed  by  Richmond  (This  Journal,  Sec.  A, 
Gen.  ScI.  (1907),  2,  81)  to  the  probable  usefulness  of  Philippine  clays  as  a  filler 
and  a  glazing  material  for  paper  manufacture.  Standards  for  the  purchasing 
and  testing  of  such  filling  materials  are  given  by  Schacht,  W.,  Papi^  ZtK. 
(1906),  31,  4234;  Chem.  Abstracts  (1907),  1,  485. 
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DESOBIPTION  OF  THE  0LAT8. 

1.  Kaolinite  calculated  from  the  theoretical  formula  AlaOs2Si032HaO. 

2.  Kaolin  or  china  clay  from  Los  Bafios,  lAguna.    Approaches  closely  to  kaolin- 

ite in  composition. 

3.  Kaolin  or  china  clay  from  the  Vicenti  Jesus  mine,  Laguna.     Approaches 

closely  to  kaolinite  in  composition. 

4.  Kaolin  or  china  clay,  not  from  Luzon,  but  from  Romblon.     It  approaches 

closely  to  kaolinite  in  composition  and  is  given  for  the  purpose  of  com- 
parison. 

5.  Kaolin  or  china  clay  from  Laguna  Province. 

6.  Kaolin  or  china  clay  from  Los  Baiios,  Laguna  Province.    Approaches  closely 

to  kaolinite  in  composition. 

7.  Kaolin  or  china  clay  from  the  west  side  of  Pajo  Arroyo,  Laguna  Province. 

Approaches  closely  to  kaolinite  in  composition.    Taken  from  the  bottom  of 
a  pit  3  meters  deep. 
S.  Kaolin  or  china  clay  from  Tagonton-Paracale,  C5amarines.    Taken  from  the 
wall  next  to  the  vein  in  the  San  Mauricio  mine. 

9.  Kaolin  or  china  clay  from  Bauan  Solfatara  near  Point  Cazador,  Batangas 

Province. 

10.  Kaolin  or  china  clay  from  the  east  side  of  Pajo  Arroyo,  Laguna  Province. 

Taken  from  the  bottom  of  a  pit  3  meters  de^. 

11.  Kaolin  or  china  clay  from  Bucay,  Abra. 

12.  Kaolin  or  china  clay  from  Galamba,  Laguna  Province. 

13.  Kaolin  or  china  clay  from  Nasugbu,  Batangas  Province. 

14.  Kaolin  or  china  clay  from  Albay  Province. 

15.  Kaolin  or  china  clay  from  Ilocos  Norte. 

16.  Kaolin  or  china  clay  from  Ilocos  Norte. 

17.  Kaolin  or  china  clay  from  Matiquo,  Laguna  Province. 

« 18.  Kaolin  or  china  clay  from  Dolores,  Abra.    Not  quite  white. 
^  19.  Kaolin  from  Wolfson  mine,  Laguna  Province. 

20.  Kaolin  from  the  district  east  of  Nasugbu,  Batangas  Province. 

21.  Siliclous  ferruginous  kaolin.    Exact  source  unknown. 

22.  Sllicious  ferruginous  kaolin.    Exact  source  unknown. 

23.  Kaolin  from  near  Cervantes,  Lepanto-Bontoc. 

24.  White,  sllicious  clay  from  San  Agustln-Magalang,  Pampanga  Province. 

25.  Dark,  cream  river  clay  from  Laguna  Province. 

26.  Gray  river  clay  from  Laguna  Province. 

27.  Gray  river  clay  from  Laguna  Province. 

28.  Gray  river  clay  from  Laguna  Province. 

29.  Gray  clay  from  Clarke's  gold  mine,  Antimok,  Benguet.    This  was  refined  by 

making  an  emulsion,  passing  through  a  60-mesh  sieve,  and  drying  at  110° 
before  analyzing.  About  39  per  cent  of  quartz  and  rock  fragments  were 
retained  on  the  sieve  and  discarded. 

30.  Clay  taken  from  the  surface  of  a  deposit  of  considerable  extent  which 

occurs  on  the  banks  of  the  Tinajeros  River  near  Malinta,  Bulacan  Prov- 
ince. Clay  of  this  quality  seems  to  abound  along  the  route  of  the  Manila 
and  Dagupan  Railroad  north  of  Caloocan. 

31.  Brick  clay  from  Bulacan  Province. 

82.  Common  clay  from  Binangonan,  Rizal  Province. 

33.  Clay  used  in  Mandaloyan,  on  the  Pasig  River,  for  making  brick.     Taken 

from  the  bottom  of  a  pit  about  2  meters  deep. 

34.  Clay  from  the  first  hills  on  the  road  to  Bannangar,  Rancherio  Tablan, 

Benguet. 

35.  Clay  used  to  paint  houses.    Near  Nasugbu,  Batangas  Province. 

36.  Clay  subsoil. 

37.  Igorot  clay. 

38.  Igorot  clay. 

<»It  may  be  possible  to  remove  enough  iron  by  washing  to  make  this  clay 
available  as  an  alkaline  siliclous  kaolin.  Otherwise  it  is  of  low  value,  because 
the  quantity  of  iron  oxid  is  great  enough  to  give  a  red  body  after  firing.  It  is 
too  alkaline  for  refractory  ware  and  calcareous  enough  to  have  a  low  fusion 
point. 

^  It  may  be  possible  to  remove  iron  from  this  by  selecting  and  washing  and 
to  make  it  available  as  a  first-class  china  clay. 

62564~WAB  1908— VOL  8,  AP 31 
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In  most  places  the  supply  of  clay  for  commercial  uses  is  obtained  from  surface 
openings  or  clay  banks  and,  with  the  exception  of  numbers  8  and  29,  this  is  the 
case  with  the  specimens  given  in  Table  I.  Some  companies  are  operating  under- 
ground works  and  so  obtain  a  more  uniform  and  purer  product. 

It  is  exceptional  for  clays  to  be  used  in  their  natural  state  for  other  than 
common  work,  because  of  the  numerous  bits  of  rock  which  are  mingled  with 
their  mass.  In  almost  every  parent  rock  there  are  very  hard  mineral  particles 
which  resist  the  weathering  and  remain  behind,  contaminating  the  clay.  A 
certain  amount  of  sorting  is  always  necessary.  Herein  is  the  Justification  for 
printing  analyses  of  the  unpurified  specimens.  It  will  at  once  be  evident  that 
the  deposits  will  not  through  sorting  become  poorer  than  the  published  results. 
For  the  above  reason,  a  chemical  analysis  of  a  residuary  clay  may  not  always 
be  reliable  as  a  means  of  judging  its  usefulness  from  the  standpoint  of  the 
ceramic  industries,  as  it  may  contain  impurities  which  render  it  useless  in 
the  rough  state,  but  l^y  grinding  and  decantation  it  may  be  separated  from 
its  impurities.  Ries^  in  summing  up  the  facts  obtainable  from  the  ultimate 
analysis  of  a  clay,  gives  the  following  main  points : 

**  1.  The  purity  of  the  clay,  showing  the  proportions  of  silica,  alumina,  com- 
bined water,  and  fluxing  impurities.  High-grade  clays  show  a  percentage  of 
silica,  alumina,  and  water  approaching  quite  closely  to  those  of  kaolinlte. 

"2.  The  refractoriness  of  the  clay  for,  other  things  being  equal,  the  greater 
the  total  sum  of  fluxing  impurities,  the  more  fusible  the  clay. 

**3.  The  color  to  which  the  clay  bums.  This  may  be  judged  approximately, 
for  clays  with  several  per  cent  or  more  of  ferric  oxide  will  bum  red,  provided 
the  iron  is  evenly  and  finely  distributed  in  the  clay,  and  there  is  no  excess  of 
lime.  The  above  conditions  will  be  affected  by  a  reducing  atmosphere  in  burn- 
ing, or  the  presence  of  sulphur  in  the  fire  gases. 

•*4.  The  quantity  of  water.  Clays  with  a  large  amount  of  chemically  com- 
bined water  sometimes  exhibit  a  tendency  to  crack  in  burning,  and  may  also 
show  high  shrinkage.  If  kaolinlte  is  the  only  mineral  present  containing  chem- 
ically combined  water,  the  percentage  of  the  latter  will  be  approximately  one- 
third  that  of  the  percentage  of  alumina,  but  if  the  clay  contains  much  limonite 
or  hydrous  silica  the  percentage  of  chemically  combined  water  may  be  much 
higher. 

**  5.  E^xcess  of  silica.  A  large  excess  of  silica  indicates  a  sandy  clay,  and  if 
much  is  present  in  the  analysis  of  a  fire  clay,  it  indicates  low  refractoriness. 

**  6.  The  quantity  of  organic  matter.  If  this  is  determined  separately  and  it 
is  present  to  the  extent  of  several  per  cent,  it  will  require  slow  burning  if  the 
clay  is  dense. 

"7.  The  presence  of  several  \)er  cent  of  both  lime  (CaO)  and  carbon  dioxide 
(Cbj)  in  the  clay  indicates  that  it  is  quite  calcareous." 

Several  of  the  al)ove  analyses  do  not  to  any  large  degree  indicate  accidental 
impurities.  A  few  show  minute  traces  of  sulphuric  anhydride,  probably  ac- 
counted for  by  crystals  of  gypsum  which  probably  could  be  removed  by  washing. 
The  iron  in  most  cases  is  in  all  likelihood  present  as  the  oxide  resulting  from 
the  decomposition  of  iron  sulphides  during  the  original  leaching  of  the  clay 
material.  In  rough  work  It  does  little  harm,  and  in  fine  work,  if  present  in 
particles  of.  any  size,  it  could  easily  be  removed  by  washing.  In  some  of  the 
Philippine  kaolins  the  iron  was  observed  to  be  in  tiny  grains.  However,  there 
are  many  things  which  are  not  shown  by  a  chemical  analysis.  The  results  of 
such  an  analysis  are  expressed  as  if  all  of  the  metals  existed  as  oxides  and  the 
acids  as  anhydrides.  For  example,  gypsum  ( CaSO* ) ,  calcium  carbonate  ( CaCO«) , 
and  siderite  (FeCO.)  would  be  considered  as  present  in  the  form  of  lime  (CaO) 
and  sulphuric  anhydride  (S0«),  lime  and  carlwnic  anhydride  or  carbon  dioxide 
(COa),  and  ferrous  oxide  (FeO)  and  carl)on  dioxide,  respectively.  In  general, 
the  fusibility  of  a  clay  increases  directly  in  proportion  to  the  percentage  of  flux- 
ing materials  which  it  contains,  but  there  are  exceptions  depending  on  the  min- 
eral condition  of  the  oxides.  If  the  oxide  is  present  as  a  carbonate  it  generally 
fuses  at  a  different  temperature  than  if  it  were  present  in  the  form  of  a  silicate, 
and  furthermore,  the  fusilbllity  of  the  various  silicates  of  the  same  oxide  com- 
ponents vary. 

Some  of  the  commonest  minerals  in  clays  are  quartz,  feldspar,  calcite,  dolo- 
mite, gypsum,  apatite,  pyrlte,  other  iron  ores,  mica,  talc,  serpentine,  hornblende,, 
pyroxene,  garnet,  tourmaline,  etc.;  these  are  constituents  of  the  parent  rock 


a  Wis.  (Jeol.  and  Nat.  Hist.  Sur.  (1906),  1.",  F:con.  Ser.  10,  12. 
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which  have  escaped  decomposition.  With  the  exception  of  quarts,  the  particles 
are  usually  too  small  to  be  detected  by  the  naked  eye,  so  that  the  "  rational  analy- 
sis"^ and  the  mechanical  analysis,  to  supplement  the  ultimate  analysis,  arc 
resorted  to  in  order  to  determine  the  different  percentages  of  the  minerals  pres- 
ent. It  is  not  claimed  that  these  are  accurate  methods,  but  they  are  the  best 
yet  offered.  When  a  great  many  different  kinds  of  mineral  particles  are  pres- 
ent In  one  clay,  the  methods  become  extremely  complicated,  and  with  the  com- 
mon clays  are  seldom  used.  For  kaolin,  where  the  only  constituents  are  kao- 
linite,  feldspar,  and  quartz,  the  "  rational  analysis  "  becomes  quite  simple  and 
especially  useful,  and  as  most  clay  workers  understand  the  relative  importanc«> 
of  these  constituents,  when  they  are  determined  the  behavior  of  the  clay  can 
approximately  be  estimated. 

Research  in  the  direction  of  mechanical  analysis  has  established  methods  by 
which  not  merely  the  size  of  the  grains,  but  also  their  shape,  the  specific  grav- 
ity of  the  materials,  etc.,  may  be  determined;  these  are  important  factors  in 
establishing  the  usefulness  of  claya 

The  determination  of  the  fineness  of  the  mechanical  division  is  important 
since  it  gives  an  idea  of  the  loss  when  the  material  is  prepared  for  certain  kinds 
of  work.  The  following  data  by  Mr.  L.  A.  Salinger  show  the  proportion  of 
certain  sizes  of  grains  in  some  of  the  clays  mentioned  in  this  paper.  Tlie  raw 
clays  were  suspended  in  water,  pressed  through  a  60-mesh  sieve,  and  dried 
at  110^ 


Number. 

PaMd 
throng 
eoxnetfi. 

RatebMd 
oo60 
mMh. 

3             

PercemL 
87.4 
72.3 

PmrcettU 

12                    

12.1 

19 

4.4 

25 

37.8 

26      

8S.3 

l&f 

27 

72. «          r.i 

28 !         87.0  SS.8 


I  have  not  been  able  further  to  study  these  properties  at  this  time. 
Bourry  *  has  formulated  a  very  satisfactory  classification  of  clays,  and  he 
gives  the  following  as  a  differentiation  of  the  principal  kinds  of  kaolin: 

I.  Pure  kaolins  do  not  contain  more  than  from  5  to  6  per  cent  of  silica  and  2 
per  cent  of  fluxes,  the  proix>rtion  of  each  of  the  fluxes  taken  singly  being  not 
more  than  1  per  cent.  They  are  always  brought  to  this  degree  of  purity  by 
washing,  and  present  themselves  in  the  form  of  a  white  powder,  occasionally 
slightly  tinted  with  yellow,  gray,  or  red.  and  very  unctuous  to  the  touch.  Afto* 
firing  they  form  a  body  of  milky  whiteness.  They  are  used  in  the  mannfactnre 
of  porcelain  and  fine  faience. 

II.  Alkaline  kaolins. — The  only  difference  between  these  kaolins  and  the  pre- 
ceding is  that  they  contain  a  higher  proportion  of  alkalies,  which  can  monnt 
up  to  5  per  cent,  coming  from  the  mixture  of  feldspar  and  mica.  In  the  mean- 
time the  proportion  of  oxide  of  iron  rises  sometimes  to  2  per  cent  They  bave 
the  same  use  as  the  preceding,  but  it  must  be  observed  that  a  very  careful  wash- 
ing results  In  taking  away  the  greatest  part  of  the  alkalies. 

III.  Silicious  kaolins. — In  these  kaolins,  hydrosilicate  of  alumina  is  mixed  in 
a  considerable  proportion  with  quartz  In  the  state  of  impalpable  powder.  This 
content  of  silica  dei>cnds  greatly  on  the  care  bestowed  In  the  washing:  it  can 
rise  to  20  or  25  ix*r  cent.  These  kaolins  furnish  a  body  of  small  plasticity,  and 
are  of  a  light,  granulons  texture.  They  are  used  in  the  manufacture  of  porce- 
lain and  certain  kinds  of  faience,  but  for  bodies  which  have  no  need  to  be  very 
plastic. 

IV.  Alkaline  silicious  kaolins  contain  at  the  same  time  a  considerable  propor- 
tion of  alkalies  and  of  silica,  and  partake  of  the  properties  and  uses  of  the  two 
preceding  kinds. 

«  The  actual  method  is  given  In  almost  any  text  on  clay  analysis,  for  example: 
Ashby,  H.  M. :  *' How  to  Analyze  Clay,"  Chicago  (1901),  48. 
^Treatise  on  Ceramic  Industries,  Ix)ndon   (1901),  59. 
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V.  Ferruginous  kaolins. — ^Tbese  kaolins  contain  a  quantity  of  oxide  of  iron 
which  is  too  great  to  give  an  entirely  white  body  after  firing.  When  this  con- 
tent is  not  too  high  it  is  utilized  in  the  manufacture  of  porcelain  and  faience 
of  inferior  quality.  For  a  greater  proportion  «  they  can  be  used  in  the  manu- 
facture of  refractory  productions,  but  on  the  condition  that  they  have  not  too 
much  alkali. 

The  clays,  the  analyses  of  which  are  given  above,  have  not  been  subjected  to 
washing.  Such  treatment  would  probably  improve  and  change  the  classification 
of  some  of  them.  As  they  are,  numbers  1,  2,  3,  4,  5,  6,  aud  7  would  be  classed  as 
pure  kaolins;  8  and  9  as  alkaline;  10,  11,  and  12  as  silicious;  13,  14,  15,  16,  17, 
and  18  as  alkaline  silicious;  and  19,  20,  21,  22,  and  23  as  ferruginous  kaolins. 

A  satisfactory  classification  of  common  clays  is  more  difficult  and  of  less 
importance;  therefore  we  will  group  all  the  remainder,  namely,  Nos.  24,  25,  26, 
27,  28,  29,  30,  31,  32,  33,  34,  35,  36,  and  37,  under  this  class. 

Analyses  Nos.  1,  2,  3,  4,  5,  6,  and  7  compare  favorably  with  the  analyses  of 
the  best  quality  of  kaolin  from  all  parts  of  the  world,  which  are  given  below : 

Table  II.** — Analyses  of  the  best  quality  of  kaolin  from  all  parts  of  the  world. 


Soaroe. 

SUlca. 

Alumina. 

Ferric 
oxide. 

Lime. 

^ 

AlkaUes. 

Ignition. 

Ensland 

47.10 
4a  32 
46.52 
47.66 
46.47 
4&00 
60.S0 
47.74 
4&15 
45.68 

37.33 
39.74 
40.76 
37.66 
38.82 
36.00 
33.70 
36.68 
37.03 
3a  64 

1.11 
.27 

a  14 
.36 

2.17 
.20 
.28 

0.47 

0.20 

ia46 

Do    .                   

12.67 

Do 

Trace. 
.36 
.26 

1.90 
.26 
.48 
2.00 
1.90 
.45 
.82 
.66 

9.61 

America 

1.39 
.89 

13.47 

Do 

ia34 

Fraooe    

IS.  00 

China 

11.20 

Japan  (Sohlrave) 

.42 
.60 
.90 

.99 
.27 
.08 

.30 
.30 
.38 

ia64 

Oormany  (DdUui) 

12.76 

Bohemia  (ZettUts) 

laoo 

•  BInns,  C.  F. :  Ceramic  Technology,  Lond.  (1897),  11 ;  Boarry :  Loc.  clt.,  65. 

The  analyses  of  porcelains  from  China,  Vienna,  Meissen,  Berlin,  Sevres,  etc., 
show  a  composition  of — 


Constituent 

Minim  am. 

Percent. 
76.0 

.tfiuO 

Average. 

snioa 

PercenL 
63 
18 

Percent. 
66.0 

Alomlna. . .  r       .,.-.,.-,,..,-.........,.--, 

28.0 

Iron 

As  little  as  noesible. 

.8 

Lime 

0 
0 
0 
0 

5.0 
1.5 
5.0 

ao 

LO 

Maffnesla.                           . . 

.2 

Po&ffh.                                                                     ..   . 

2.5 

Soda 

L5 

The  water  from  kaolin  passes  oft  at  a  temperature  somewhat  aboVe  330"* 
(Hillebrand).  If  we  recalculate  the  analyses  numbered  1,  2,  3,  4,  5,  6,  and  7 
of  Table  I  to  the  anhydrous  clays,  as  is  shown  by  Table  III,  we  have  an  average 
of  fluxing  materials  much  below  that  in  the  finished  product  given  above.  The 
lilumina  is  higher  and  the  silica  lower,  and  this  condition,  as  no  flint  has  been 
added,  is  to  be  expected.  The  proper  percentages  of  alumina  and  silica  would 
be  produced  by  the  addition  of  the  latter,  and  the  fluxes  would  be  reduced 
still  lower,  or  a  greater  margin  for  impurities  in  the  flint  would  be  obtained. 

<»  Too  much  iron  must  be  avoided,  for  it  is  a  fluxing  impurity  and  will  lower 
the  fusing  point  of  the  clay,  especially  when  in  the  ferrous  condition  or  in  the 
presence  of  silicates.  Fire  clays  should  not  greatly  exceed  3  per  cent  of  iron. 
If  the  clay  contains  5  per  cent  or  more  it  is  suitable  only  for  bricks. 
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Tablb  III. — Analyses  of  clays  1  to  7  recalculated  to  the  anhydrous  conditions. 


S«mp]e  No. 

SUIca. 

Alumina. 

Ferric 
oxide. 

Lime. 

1 

Mag- 
nesia. 

Alkaaes. 

542 
52.5 
5a5 
55.8 
542 
52.0 
51.0 

46w8 
43.5 
4a2 
43.2 
41.3 
42.8 
43.4 

ao 

L2 
.4 
.9 
.4 
Ll 
1.7 

ao 

.2 
.5 
.1 
.6 
.8 
.S 

ao 

.0 
.7 
.2 
.4 
.0 
.4 

6l0 

L2 

.4 

.6 

2.3 

L9 

Ll 

Average 

53.0 

440 

.8 

.4 

.2 

Ll 

Some  analyses  of  standard  fire  clays  are  given  in  Table  IV  and,  as  will  be 
seen,  the  analyses  of  the  siliclous  kaolins  numbered  10.  11.  12,  19.  20.  21.  and  22 
compare  well  with  them. 

Table  IV.<» — Analyses  of  standard  fire  clays. 


Source. 

SUloa. 

Alumina. 

Ferric 
oxide. 

Lime. 

Alkalies. 

IgnitioL 

asi 

England  (Stourbridge) 

65.10 

22.22 
3a40 
17.00 
17.10 
3&54 

1.02 
414 
2.07 

a  14 
.40 

a  18 

.50 
1.30 

a  18 

England  (Brierley  HIU) 

Do 

UnitBd  States 

5L80 
60.25 
7403 
45.68 

LOS 

13.11 
7  58 

.70 

.20 

.46 

L61 
.66 

5.44 

Bohemia  (Zettllte) 

.00              .08  1            .38 

U.00 

•  Ct.  Bourry,  65. 

Analyses  of  the  products  of  primitive  peoples  are  given  by  Blnn's,*"   from 
which  the  following  have  been  selected : 

Table  V. — Analyses  of  the  products  of  primitive  peoples. 


Material. 


SUloa. 


Scandinavian  pottery I       6a  00 

Peruvian  pottery i       67.04 

Etruscan  pottery 6400 


Alumina. 


12.76 
ia83 
12.51 


Ferric 
oxide. 


ia24 
10.17 
&00 


Lime. 


L04 
a  24 
a  51 


Mag. 
nesia. 


a52 
.28 
L83 


Ignition. 


ILOO 
a07 

lais 


The  loss  on  Ignition  demonstrates  that  these  products  have  been  fired  at  a 
very  low  temperature.  They  are  given  in  order  to  show  the  comparison  vrlth 
the  clay  materials  used  by  the  Igorots.  Analyses  numbered  36  and  37  of 
Table  I  are  only  slightly  better  than  the  material  the  analyses  of  which  are 
given  In  the  above  table.  Practically  all  of  the  native  pottery,  cooking  pots, 
**  pelones,"  etc.,  outside  of  Manila  are  made  from  ordinary  brick  clay. 

Chemical  analyses  of  clays  to  be  used  for  commercial  purposes  are  fuDda- 
mental  and  at  the  outset  necessary,  for  without  them  the  reconstruction  of  the 
final  material  would  be  next  to  impossible.  Because  of  the  variation  needed  In 
making  different  wares  It  Is  seldom  that  a  single  clay  is  used  for  the  purpose 
of  manufacture;  as  a  rule,  several  are  mixed  together.  One  kind  of  clay  by 
Judicious' admixture  of  other  materials  is  often  adaptable  to  the  manufacture 
of  several  varieties  of  wares.  A  practical  potter,  if  he  has  a  complete  knowl> 
edge  of  the  chemical  composition  of  a  clay,  is  able  to  mix  different  varieties 
and  materials  to  suit  a  given  puri>ose;  that  Is,  a  chemical  analysis  shows  him 
what  ingredients  must  be  added  or  removed  to  give  a  desired  result.  In  itself, 
a  chemical  analysis  does  not  show  whether  or  not  a  clay  is  useful  for  a  ^ven 
purpose,  for  of  the  impurities  In  a  clay  some  are  easily  melted,  others  are 
infusible,  some  are  plastic,  and  others  ore  brittle,  and  slight  differences  In  the 
plasticity,  tensile  strength,  shrinkage,  fusibility,  color,  etc.,  which  are  not  con- 
trolled by  the  chemical  comiwsition,  may  very  largely  affect  the  commercial 
value  of  a  clay. 

Plasticity,  that  common  property  of  all  clay  to  form  a  moldable  mass  when 
wet,  varies  with  different  samples,  forming  an  entire  series,  from  those  of  low 
to  the  ones  of  very  high  plasticity.  This  property  can  not  be  inferred  from 
the  chemical  analysis.  Up  to  a  certain  jwint  there  is  a  coincidence  of  plasticity 
and  bonding  power  and  several  of  the  other  physical  properties  stand  in  close 
relation  to  the  former.  Manufacturers,  as  a  consequence,  carefully  study  the 
means  of  changing  the  degree  of  plasticity  of  clays ;  those  which  are  commonly 


«Loc.  cit,  16. 


MINERAL  RESOURCES,   MINES,   AND   MINING.  475 

known  are :  The  reduction  by  adding  sand  or  less  plastic  clay,  while  materials 
of  too  low  plasticity  may  often  have  this  property  increased  by  washing  and 
thereby  removing  a  part  of  the  sand.    Rohland  ^  gives  the  following : 

"A.  The  ways  of  increasing  the  plasticity  of  clays:  First,  by  contact  with 
spring  or  river  water,  by  means  of  which  colloids  are  formed  by  hydrolysis. 
Thus  silicic  acid,  aluminum,  and  iron  hydroxides  are  produced.  The  action  is 
expedited  by  fine  grinding.  Because  the  hydroxyl  ions  resulting  from  the 
hydrolysis  tend  to  decrease  the  plasticity  pure  water  is  not  suitable  for  the 
iibove  purpose,  but  owing  to  the  acid  fermentation  of  the  organic  constituents 
present  spring  or  river  water,  assisted  by  the  organic  matter  of  the  clay  or 
substances  added  intentionally,  neutralize  the  action  of  the  hydroxyl  Ions. 
Second,  by  lowering  the  temperature,  which  has  also  to  do  with  the  colloids  of 
clay.  The  effect  is  a  very  slow  one.  Third,  by  the  addition  of  colloids  and 
organic  substances,  like  dextrin,  tannic  acid,  catechu,  etc. 

"  B.  The  ways  of  decreasing  the  plasticity,  as :  First,  by  the  addition  of 
hydroxyl  ions,  lime  water  being  the  cheapest  reagent  for  this  purpose.  If  the 
concentration  of  the  hydroxyl  ions  of  the  lime  water  is  too  low  for  some  clays. 
It  may  be  increased  by  the  addition  of  sodlum-hydroxlde  solution  or  any  strong 
base  combined  with  a  weak  acid.  The  latter  class  is  represented  by  phos- 
phates, silicates,  etc.  Neutral  salts,  like  sodium  chloride,  Glauber's  salt,  magne- 
sium chloride,  etc.,  appear  to  be  indifferent.  Borax  weakens  the  effect  of  the 
hydroxyl  ion  and  potassium  carbonate  strengthens  the  action.  Second,  by 
raising  the  temperature.  Just  as  gelatin,  ager-ager,  etc.,  liquify  on  heating  to 
a  certain  temperature,  so  increased  temperature  causes  clay  to  *  run,*  and 
hence  decreases  plasticity.  It  appears  likely  that  the  organic  constituents  of 
clay  cause  this  liquefaction  as  soon  as  a  certain  limiting  temperature  has  been 
exceeded.  The  increase  in  temperature  may  be  brought  about  mechanically  by 
stirring." 

There  Is  no  uniform  way  of  determining  plasticity.  Some  workers  employ 
Blshof's  method  of  forcing  the  moist  clay  through  a  die  and  measuring  the 
distance  It  projects;  others  use  the  Vicat  needle,^  the  method  of  Grout,^'  etc. 
There  Is  a  certain  degree  of  relationship  between  the  plasticity  and  the  amount 
of  water  necessary  to  be  added  In  order  to  form  a  workable  paste.  A  fine- 
grained clay  usually  requires  more  water,  and  as  a  rule  Is  more  plastic  than  one 
which  Is  coarse.  In  the  experiments  recorded  In  Table  VI  water  was  added 
until  the  Vlcat  needle  showed  normal  consistency,  the  water  being  afterwards 
determined  by  allowing  the  sample  to  air-dry. 

Tensile  or  breaking  strength  Is  the  resistance  to  rupture  which  Is  offered  by 
the  alr-drled  clay.  This  Is  .an  important  factor  to  be  determined  in  order  to 
know  the  amount  of  nonplastic  material  that  can  safely  be  added  and  the  sam- 
ple still  resist  the  shocks  and  strains  In  handling  to  which  It  Is  always  subjected 
In  the  process  of  manufacture.  This  may  be  determined  on  any  standard 
machine  such  as  Is  used  for  the  same  purpose  In  cements.  In  carrying  out  the 
test  the  tempered  clay  Is  molded  into  briquets.  Just  as  Is  the  case  with 
cement,  the  briquets  having  a  cross  section  of  6.45  square  centimeters  (1 
square  Inch)  when  molded.  They  are  allowed  to  dry,  first  In  the  air,  then  at 
100° ;  then  placed  In  the  testing  machine  and  a  uniformly  increasing  load 
gradually  applied,  so  as  not  to  produce  a  ^ock,  until  they  break.  Care  must 
be  exercised  in  placing  the  briquets  in  the  machine  to  prevent  all  cross  strains 
from  improper  centering,  and  from  other  causes.  Theoretically,  a  briquet 
should  break  across  its  smallest  cross  section,  but  failure  to  take  any  of  the 
above  precautions  may  result  In  anything  but  this. 

Shrinkage  is  of  two  kinds — that  which  occurs  In  the  air  after  the  clay  has 
been  molded  In  a  wet  condition  and  that  which  takes  place  during  the  opera- 
tion of  burning.  Both  of  these  quantities  vary  greatly  and  are  very  useful  In 
estimating  the  value  of  the  raw  material.  The  decrease  of  volume  In  the  air 
Is  due  to  the  drawing  together  of  the  particles,  when  the  water  added  to  afford 
a  workable  mass  evaporates.  Even  In  the  same  clay  this  factor  is  often  some- 
what variable  in  proportion  to  the  pressure  given  the  material  in  molding. 
The  amount  of  shrinkage  of  a  clay  upon  burning  depends  not  only  upon  the 
quantity  of  volatile  constituents,  such  as  organic  matter,  water  of  constitution, 
carbon  dioxide,  etc.,  but  also  upon  the  texture  of  the  clay  and  the  temperature 
at  which  it  is  burned.  Some  clays  containing  high  percentages  of  calcium  and 
magnesium    carbonates   even   expand   during   certain   stages   of  the   process, 

«Sprechsaal  (1906),  42,  1371;  Chem.  Abstracts  (1907),  1,  90. 
^Langenbeck,  Karl;  Chemistry  of  Pottery,  Easton,  Pa.  (1895).  19. 
*^Jour.  Am.  Chem.  Soc.  (1906),  27,  1037. 
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although  they  show  normal  shrinkage  at  other  periods  during  the  burning. 
Many  clays  shrink  to  such  an  extent  that  they  warp,  crack,  or  blister  wh^ 
burned.  When  the  fire  shrinkage  Is  large,  other  substances  of  small  or  no  fire 
shrinkage  must  be  added.  It  Is  also  necessary  to  know  the  air  shrinkage  in 
or^er  to  estimate  the  size  of  a  mold  necessary  to  give  a  finished  product  of 
given  dimensions. 

The  shrinkages  expressed  In  Table  VI  are  given  In  per  cent  of  the  length  of 
the  briquet  when  freshly  molded.  The  clays  were  all  burned  at  a  uniform 
temperature  of  about  1,100"  O.  (slightly  above  the  melting  point  of  gold), 
which  is  well  above  that  at  which  all  water  of  constitution  passes  off. 

Fusibility  Is  either  increased  or  decreased  by  each  constituent  of  a  clay. 
Fire  clay  is  practically  pure  aluminum  silicate,  together  with  silica,  and  it 
will  bear  Intense  heat  without  melting.  The  presence  of  different  quantities  of 
iron  alone  varies  the  fusibility  of  the  clay,  and  therefore  the  use  which  can  be 
made  of  it  The  less  the  Iron  content  the  more  refractory  the  clay.  Other 
common  fluxing  materials  are  magnesia,  lime,  sodium,  and  potassium  com- 
pounds, and  I  have  arranged  them  in  the  order  of  their  fluxing  power.  The 
presence  of  any  of  these  with  the  iron  helps  to  form  a  flux  and  greatly  to  lower 
the  fusion  point.  For  example.  If  more  than  2  or  3  per  cent  of  lime  or  potash 
is  present  In  a  clay  good  brick  will  not  result,  as  these  substances  cause  the 
bricks  to  run  into  glass  while  they  are  being  burned.  The  fusion  point  of  a 
clay  can  best  be  determined  by  means  of  a  pyrometer.  It  may  also  be  satis- 
factorily Judged  by  comparison  with  test  pieces  of  known  composition  (stand- 
ard Seger  cones ),<»  etc.  The  elaborate  work  on  the  composition  and  fusing  point 
of  Seger  cones  will  be  of  assistance  In  deciding  the  fusibility  of  a  clay  from  its 
analysis,  as  well  as  In  actual  comparative  tests  made  by  placing  cones  and 
clay  side  by  side  In  the  furnace.  Ck)ne  number  1  melts  at  1,150*  and  cone 
number  20  at  1,530*.  The  difference  between  any  two  successive  numbers  is 
20"  and  the  highest  number  Is  36;  this  cone  is  composed  of  absolutely  pure 
kaolin.  The  temperatures  usually  obtained  in  porcelain  furnaces  He  between 
the  melting  points  of  cones  numbered  1  and  20.* 

The  tests  from  20  to  36  are  used  only  in  experiments  for  fusibility.  The  work 
of  Simonls,  Sprechsaal,  6,  71,  Chem.  Abstracts  (1907),  1,  2166,  show  that  cones 
f^O-26  melt  within  18'  of  each  other  and  that  their  use  seems  unnecessary. 

The  highest  constant  temperature  obtainable  in  this  country  is  at  Zobel's 
pottery  kiln  in  San  Pedro  Macati.  In  it  a  temperature  of  over  1,300°  is  at- 
tained, which  is  about  the  same  as  the  highest  temperature  attainable  In  the 
muffle  furnace  of  this  bureau.  The  kiln  was  placed  at  my  disposal  for  experi- 
mental purposes,  and  the  temperatures  of  fusibility  recorded  in  Table  VI  were 
determined  there  by  comparison  with  standard  cones  and  the  temperature  con- 
firmed thermoelectrlcally.  The  fusing  points  marked  6  either  lay  above  the 
temperature  obtained  with  the  furnace  used,  or  a  sufficient  quantity  of  the 
sample  was  not  at  hand,  and  therefore  they  were  estimated  from  their  analyses 
given  in  Table  I,  by  comparison  with  a  table  of  Seger  cones  and  the  fusion 
I}olnts  actually  determined,  and  by  our  general  knowledge  of  fluxing  materials. 

The  color  of  a  raw  clay  Is  usually  due  to  the  presence  of  organic  matter  or 
of  iron.  In  general,  the  former  Imparts  a  gray  or  black  and  the  latter  a  buff 
or  red  color. 

The  color  of  a  burned  clay  to  a  large  extent  depends  on  the  proportion  of 
iron  and  the  state  of  Its  oxidization.  Its  presence  makes  the  resulting  product 
buff-brown  or  red.  The  more  iron  the  clay  contains  the  deeper  the  red  color. 
A  quantity  of  Iron  as  small  as  1  per  cent  may  impart  a  slight  yellowish  tint. 
Clay  which  bears  practically  no  Iron  bums  white.  In  many  cases  the  oxides 
of  other  metals  are  present,  and  these  often  modulate  the  effect  of  the  iron. 
The  Intensity  of  the  color  depends  also  on  the  temperature  and  the  supply  of 

«Rels,  H.:  U.  S.  G.  S.,  P.  P.  (1903),  11,  24;  Bourry,  E.:  Ix)c.  clt,  39a 
^  The  following  data  taken  from  Bourry's  "  Treatise  on  Ceramic  Industries  ** 
give  an  idea  of  the  numbers  of  the  Seger  cones  which  are  used  in  various  pot- 
teries : 

Muffle  firing  for  decoration 0.022to  0.010 

Burning  fusible  bodies .015  to     .01 

Burning  slightly  fusible  bodies 1.00   to  10.00 

Stoneware  burning 5.00  to  10. 00 

Burning  the  body  for  fine  faience 3.00  to  10. 00 

Burning  the  glaze  for  fine  faience .010  to     .01 

Burning  fire-clay  ware  and  porcelain 10.00  to  20. 00 


MINEBAL  RESOUBCES,   MINES,  AND  MINING. 


477 


air  entering  the  kiln ;  in  some  cases  it  is  possible  to  vary  it  from  pink  to  red- 
dish violet  by  changing  these  conditions  and  influencing  the  degree  of  oxidiza- 
tion. Sometimes  these  means  are  used  to  produce  a  standard  or  varied  shade 
in  wares.  In  terra  cotta,  especially,  a  certain  perc«itage  of  iron  is  sought  to 
give  the  finished  product  a  definite  and  desired  color.  A  certain  manufacture 
is  often  known  by  the  particular  shade  of  the  finished  product  Titanium* 
renders  clay  yellow  on  burning.  This  is  visible  only  when  the  material  has  a 
very  low  percentage  of  iron;  when  more  iron  is  present,  the  yellow  is  entirely 
obscured. 

Below  are  given  some  physical  properties  of  Philippine  clays,  including  the 
plasticity,  breaking  or  tensile  strength,  the  shrinkage  from  the  plastic  condition 
in  the  air  and  with  burning,  and  color. 


Table  VI.- 

-Physical  properties  of  Philippine  clays. 

i 
1 

||| 
|8 

TensUe  strength 
(pounds  per 
square  inch). 

Shrinkage 
(peris?). 

^ 

i 

Color. 

i 

Burned. 

i 

1 

AlMried. 

Burned. 

b 

14.0 
81.6 

31.1 

181 
11 

Medium 

Low 

7.6 
4.3 

1330 
el720 

el740 
el760 
el680 
el650 
«1650 
ei560 
C1450 
clOQO 
el760 
el730 
C1500 
C1410 
«1350 
el300 
n350 
1150 

C1510 
C1536 
C1420 
<-1490 
C1360 
1200 

el500 
1350 
1350 
1330 
1310 

ellSO 

C1300 

1330 

1200 

M370 

el270 

^^.f!':::::: 

Pale  violet  gray. 

Very    light    grayish 

white. 
Rosy  cream. 

3 

4.7 
4.4 

&3 

a6 

3 

do 

OrMun.. . 

i 

A 

30.4 
33.6 
31.6 
37.9 
34.9 
38.6 
31.3 
36.0 
34.0 

"63" 
43 

"63* 
13 
46 

Low 

5.3 
3.6 
3.0 
4.8 
3.3 

a3 

8.3 
1.5 

4.7 

6u8 
4.0 
6.0 
1.9 

ia6 

12.0 
7.6 

ao 
a7 

16.8 

White. 

Creamy  white. 
White. 

Pinkish  white. 
Creamy  white. 
Pale  lilac  and  rose. 
Light  cream. 

0 

7 
8 

do 

do 

do 

do 

do 

Creamy  white... 

Light  buff 

Creamy  white... 
White 

9 
10 

Medium 

Low 

11 

do 

a9 

4.1 

a4 

9.1 
&6 

ai 

Cr^my  white. 

13 
13 
14 

do 

do 

do 

Bluish  white.... 

White: 
Pale  lilac. 

15 
10 
17 
18 

Creamy  white... 
Smokv  creamy 

Bluish  white.... 
.do 

33.3 

73 

53 
45 

High 

1.1 

3.7 
4.8 

14.7 

a4 

0.4 

ia8 

7.1 

a3 

Pale      reddish      choco- 

10 
30 

35.6 
33.0 

Medium 

late. 
YeUowIsh  pale  violet. 
Very  pale  violet. 

31 

33 

33 

31.0 
37.6 

34.0 
35.5 
30.0 
33.8 

67 
58 

160 
171 
187 
176 

a3 

^0 

11.5 
11.6 
8.3 

lao 

ai 

16.7 
6.1 

ai 

4.4 

a8 

a3 
ia7 

17.6 

ia7 

13.6 

ia8 

Grayish  white... 
Creamy  white. . . 

Darlr  cream 

Bluish  gray 

Light  date  gray. 

LI0itgray 

Light   ooherish 
gray. 

Pale  gray  lilac. 

Very  pale  reddish  choco- 

Vlolaceous  pale  gray.rf 
Gray  lilac.* 
Pale  gray  lilac.' 
RedcQsh  gray  lilac. 

34 

35 
36 
37 
38 
39 

High 

Medium 

do 

do 

High 

30 



31 

33 

36.5 

*34.'6' 
34.3 

131 
180 
78 
77 

Medium 12. /i 

11.9 
1.8 
9.8 

34.4 
11.8 
14.3 

ao 

Brown 

Reddish  chocolate. 

33 
34 
35 

High 

Medium 

Below  medium. 

10.0 
4.4 

Light  brown... 

Buff 

Darkocher 

Do. 
Do. 
Very  pale  reddish  ocher. 

*  Attention  is  directed  to  the  fact  of  the  usual  occurrence  of  titanic  oxide  In  Philippine 
clay  (see  Table  I).  Its  determination  has  not  been  carried  out  in  everv  case,  but  not  a 
single  analysis  has  been  made  where  it  was  not  present,  and  it  usually  occurs  to  the 
extent  of  from  0.4  to  1.3  per  cent. 

I  have  recently  been  interested  in  the  titanlferous  sands  of  these  Islands  and  find  them 
of  almost  universal  occurrence.  The  commonest  titanlferous  minerals  in  these  are 
ilmenite  and  rutile.  These  minerals  occur  only  In  small  quantities  In  the  rocks  from 
which  the  sands  are  derived,  for  the  sands  represent  large  concentration ;  however,  their 
universal  distribution  clearly  indicates  that  they  are  the  probable  source  of  the  titanium 
in  clay. 

*  Given  on  p.  468. 
«  Estimated. 

*  Some  pieces  decrepitate  upon  buminff. 
«  Decrepitates  very  badly  upon  burning. 
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It  is  realized  that  the  field  for  the  ceramic  industries  is  very  large  and  that 
the  contribution  of  the  data  which  I  have  collected  is  of  small  significance,  but 
since  all  information  regarding  Philippine  clays  is  meager,  these  analyses  may 
be  of  service  in  indicating  the  quality  and  the  extent  of  the  distribution. 

McCaskey,*  in  discussing  the  occurrence  of  clay  in  the  Philippine  Islands,  says: 

**  White  clays,  or  kaolin,  have  been  found  hi  the  provinces  of  Abra,  Camarlnes, 
Ilocos  Norte,  Antique,  Benguet,  Cagayan,  Isabela,  Laguna,  Marinduque,  Masbate. 
Pampanga,  Pangasinan,  Albay,  Romblon,  and  Zambales. 

**  Red  clays,  from  vsrhlch  natives  make  large  amounts  of  pottery  for  local  use, 
are  found  in  almost  every  province  in  the  Islands. 

"Fire  clay  has  been  found  in  the  coal  beds  and  may  afford  a  profitable 
industry  in  the  future. 

"Red  bricks  are  made  In  large  quantities  in  Bulacan,  Capiz,  Rizal,  Ilocoa 
Norte,  Isabela,  Marinduque,  Masbate,  and  Pampanga." 

Not  much  Information  is  available  regarding  the  magnitude  of  these  deposits 
In  Luzon ;  but  the  geologists  report  some  of  them  to  be  large.    Ickis  *  says : 

"  In  the  Pajo  Arroyo,  about  3  miles  west  of  Jjos  Bafios  and  li  miles  from  the 
lake,  occurs  a  deposit  of  white  clay  which  at  present  is  being  mined,  sacked,  and 
carried  on  the  backs  of  natives  to  the  Los  Bafios  road ;  thence  it  is  carted  to  Los 
Bafios  and  shipped  to  Manila.  All  of  the  clay  contains  brown,  iron-stained 
str^ks,  but  below  the  first  2  feet  the  percentage  of  iron-stained  material  is  very 
small.  For  a  depth  of  2  feet  the  clay  contains  some  organic  matter,  besides  a 
considerable  percentage  of  Iron,  and  is  very  plastic.  The  firm,  white  clay  below 
varies  greatly  as  regards  plasticity.  Most  of  the  material  exposed  in  the  various 
holes  possesses  this  valuable  quality  to  a  limited  extent  only,  but  one  pit  on  the 
west  side  of  the  arroyo  furnishes  a  pure,  white  clay  highly  prized  by  the  work- 
men, which  is  much  more  plastic.  Sample  No.  10,  taken  from  the  largest  pit 
on  the  east  side  of  the  arroyo,  represents  the  first  class,  while  No.  7  is  a  sample 
of  the  more  plastic  clay.*' 

**  It  was  impossible  for  me  to  determine  the  extent  of  this  bed  of  clay,  owing 
partly  to  the  limited  time  at  my  disposal  and  partly  to  want  of  exposures  or 
extensive  development  work,  but  from  surface  indications  the  deposit  seems  to 
be  large." 

A  study  of  Table  III  plainly  shows  that  if  deposits  of  sufiScient  magnitude 
warrant  the  establishment  of  porcelain  factories,  these  kaolins  can  be  recom- 
posed  by  Judiciously  selecting  and  combining  the  clays  with  other  materials  to 
give  the  desired  results.  For  example.  If  70  per  cent  of  specimen  No.  2,  20  per 
cent  of  feldspar  (KjO  AUO,  6SIO,),  and  10  per  cent  of  flint  (Sid)  were  to  be 
mixed  together,  and  the  result  calculated,  which  would  be  obtained  after  the 
expulsion  of  the  water  and  other  material  lost  on  ignition,  we  would  obtain  the 
following  composition : 

Silica 58.3 

Alumina 34.8 

Iron - .87 

Lime .13 

Magnesia .0 

Alkalies 4.90 

Titanic  oxide 1.07 

Which  is  almost  Identical  with  that  of  Meissen  porcelain,  given  by  Binns,* 
as  follows: 

Silica S 58.5 

Alumtoa 35.1 

Iron .8 

Lime .3 

Magnesia Trace 

Alkalies  5.0 

The  common  clays  of  Luzon  are  already  used  In  several  places  in  the  manu- 
facture of  brick  and  crude  pottery.  For  example,  the  brickkilns  at  Manda- 
loyon  and  the  one  near  San  Pedro  Macati,  on  the  Pasig  River  near  Santa  Ana, 

«  Fifth  Annual  Report  of  the  Mining  Bureau,  Manila  (1904),  35. 
^  Sixth  Annual  Report  of  the  Mining  Bureau,  Manila  (1905),  58. 
<>  The  analyses  are  given  under  the  same  numbers  in  Table  L 
*Oramic  Technology,  London  (1897),  19. 
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each  of  which  employs  from  10  to  20  laborers,  turn  out  from  1,000  to  3,000 
bricks  a  day  per  kiln.  Sample  No.  33.  Table  I,  Is  an  analysis  of  the  clay  used 
in  Mandaloyon.  No  sand  is  added  to  it  before  molding,  but  the  whole  bank  is 
broken  down,  mixed  by  the  tread  of  carabaos,  and  used  for  the  bricks.  This 
makes  the  composition  slightly  different  from  the  analysis  given,  but  tests  of 
the  shrinkage  and  tensile  strength  show  that  its  physical  properties  remain 
almost  unchanged. 

At  present  there  is  no  flue  pottery  being  made  on  this  island.  There  is  a 
factory  near  Manila  which  manufactures  plates,  cups,  saucers,  bowls,  etc., 
and  for  these  about  20  tons  of  the  good  Laguna  kaolin  are  used  every  year. 

The  kaolin  from  Calamba  employed  in  this  pottery  is  too  plastic  when  used 
alone,  so  it  is  recomposed  by  mixing  with  two  varieties  from  Bulacan  and 
Ilocos  Norte  provinces,  respectively.  Experiments  are  now  being  made  with 
Mariquina  clay.  The  quartz  used  is  picked  from  the  gravel  which  is  being 
dredged  from  the  Pasig  River  near  by ;  the  asbestos  which  is  placed  in  a  layer 
between  the  plates  in  burning  is  from  Zambales  Province.  It  is  of  very  poor 
quality;  probably  a  much  better  variety  may  be  obtained  from  Ilocos  Norte* 
The  ware  is  dipped  once  for  the  siliceous  glaze  before  it  is  burned.  The  break- 
age is  small,  not  exceeding  2  or  3 -per  cent  during  the  molding,  drying  etc., 
and  4  or  5  per  cent  during  the  burning.  Some  of  the  ware  is  decorated  in 
simple  designs.  It  is  difficult  to  describe  the  final  product,  which  is  quite  simi- 
lar to  the  £}nglish  Dolton  ware.  This  establishment  employs  eight  men  and 
the  output  is  about  5,000  pieces  per  month.  Formerly  this  ware  had  a  large 
sale  In  Manila,  but  now  is  sold  mostly  in  the  provinces.  There  are  two  men 
still  engaged  in  bringing  kaolin  from  Laguna  Province  to  the  Manila  market. 
The  two  sources  are  near  Calamba  and  Los  Banos,  from  which  are  brought 
about  75  or  100  tons  per  year,  respectively :  it  sells  at  wholesale  in  Manila  for 
from  ^23  ($11.50  United  States  currency)  to  ^2  ($16  United  States  currency) 
per  ton.  It  is  usually  bought  In  10-pound  balls  and  finds  its  principal  pur- 
chasers among  the  Chinese  of  BInondo,  who  make  of  it  a  sort  of  whitewash. 
The  retail  price  varies  with  the  supply  from  25  centavos  (12^  cents  United 
States  currency)  a  ball  in  the  dry  season  to  40  centaves  (20  cents  United  States 
currency)  during  the  rains,  the  higher  price  being  due  to  the  difficulties  encoun- 
tered in  transporting  the  clay  to  market.  These  may  be  Judged  from  an  account 
of  the  working  of  Calamba  clay  given  by  Sefior  de  la  Rosa.  He  says  that  the 
clay  is  dug  and  carried  on  the  backs  of  natives  about  7  or  8  kilometers  to  the 
barrio  of  Bucal  where  the  women  make  it  Into  balls.  When  5(X)  to  1,000  of 
these  are  ready  they  are  loaded  into  bancas  and  taken  about  4  or  5  kilometers  to 
Calamba,  where  they  are  transferred  to  a  casco  and  brought  under  tow  to 
Manila. 

The  depth  of  the  kaolin  at  Calamba  has  not  been  investigated,  for  after  dig- 
ging down  about  2  meters  It  becomes  too  hot  *  to  allow  further  penetration, 
and  then  the  washing  of  the  rain  fills  up  the  hole.  The  superficial  exposure  is 
al>out  a  hectare.  This  kaolin  has  X>een  used  to  some  extent  as  a  fire  clay,  for 
example  to  repair  the  brickkiln  at  San  Pedro  Macati  and  the  furnace  of  the 
glass  factory.  Sefior  Varcena  at  the  school  In  Sampaloc  has  made  some  fire 
bricks  and  crucibles  of  good  appearance  from  this  clay. 

As  the  price  of  building  materials  of  all  kinds  Is  very  high  and  shows  little 
sign  of  decreasing,  the  demand  for  clay  products  of  this  nature  is  sure  to 
increase.  Many  which  are  now  In  use  can  be  replaced  entirely  by  manufac- 
tures from  local  clays,  if  their  preparation  Is  taken  up  and  placed  upon  a 
commercial  basis.  The  tests  of  clays  here  reported  should  aid  In  the  selection 
of  suitable  localities  and  in  the  finding  of  proper  material  for  the  development 
of  these  industries. 

RADIOACTIVITY. 

In  carrying  out  a  series  of  experiments  to  ascertain  the  cause  of  the  abnor- 
mal amounts  of  radioactive  emanations  contained  in  the  air  of  cellars  and 
caves,  it  was  demonstrated  by  Elster  and  Geltel,*'  that  such  emanations  were  not 
of  spontaneous  origin,  but  rather  came  from  the  soil  and  clay.  They  proved  <* 
that  the  air  removed  by  simple  suction  from  the  soil  was  charged  with  active 
emanation,  and  that  its  activity  actually  exceeded  that  of  the  air  of  cellars 

«  Smith,  W.  D.:  This  Journal,  Sec.  A,  Gen.  Sci.  (1907),  2,  145. 
^The  Los  Bafios  springs  are  thermal. 
«Chem.  News  (1903),  88.  29. 
'Phys.  Ztschr.  (1902),  3,  574. 
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and  caves.  This  activity  Is  either  a  universal  property  of  the  air  of  the  ground 
Independent  of  the  nature  of  the  soil,  or  It  Is  the  result  of  a  certain  amount  of 
primarily  active  substance  contained  in  the  material  of  the  soil  itself.  Elster 
and  Geltel  have  shown  the  latter  assumption  to  be  the  only  tenable  theory. 
They  found  <»  that  clay  dug  from  their  garden,  introduced  into  their  -apparatus, 
after  three  days  had  reached  a  constant  maximum  value  of  about  three  times 
the  normal.  They  considered  that  most  of  the  conductivity  observed  in  the 
gas  was  due  to  a  radioactive  emanation  which  diffused  from  the  clay  into  the 
air  In  the  vessel.    They*  say: 

**  It  did  not  matter  in  this  exi)eriment  whether  the  earth  was  in  the  moist 
condition  in  which  it  was  removed  or  whether  it  was  introduced  underneath 
the  bell-glass  after  protracted  drying;  after  the  lapse  of  eight  months  no  de- 
crease of  activity  was  apparent  in  the  material." 

In  another  experiment  several  substances  were  placed  one-half  meter  in  the 
earth ;  after  four  weeks  they  were  dug  up  and  the  potter's  clay,  which  in  the 
beginning  was  inactive,  was  unmistakably  active.  The  other  substances  used 
were  still  Inactive.  This  shows  that  clays  also  have  induced  activity.  Elster 
and  Oeitel  found  at  different  places  considerable  difference  in  the  radioac- 
tivity of  clays,  it  being  Invariably  less  near  the  sea. 

The  conductivity  in  the  gas  above  the  clay  In  the  case  already  cited  has 
been  calculated  ^  to  be  the  same  as  that  produced  by  the  emanation  from 
T.KH"  grams  of  radium.  Taking  the  density  of  clay  as  2,  this  corresponds  to 
about  1(H*  grams  radium  per  gram  of  clay.  This  has  been  calculated  to  be  not 
greatly  different  from  the  amount  of  radium  necessary  In  the  earth  to  emit 
sufficient  heat  to  compensate  for  the  loss  by  conduction  and  radiation.  On  the 
basis  of  this  Rutherford  <*  expresses  It  as  his  opinion  that  the  present  rate  of 
loss  of  heat  of  the  earth  might  have  continued  unchanged  for  long  periods  of 
time. 

I  have  examined  several  different  specimens  of  the  clays  of  Luzon,  namely. 
Nos.  8,  12,  32,  and  33,  by  means  of  the  leakage  apparatus,  and  all  efforts  failed 
to  discover  a  trace  of  primary  radioactivity  in  the  material.  The  apparatus 
was  of  the  general  type  of  instrument  used  by  Elster  and  Geltel,*^  Mache  and 
Meyer,^  Bacon,^  and  other  workers  In  their  investigations  of  the  radioactivity 
of  ordinary  materials. 

Three  methods  of  determination  were  used  In  each  case.  One  portion  of 
the  clay  amounting  to  10  grams  was  put  immediately  In  the  measuring  cham- 
ber and  the  fall  of  the  charged  gold  leaf  observed  for  a  period  of  hours;  an- 
other was  digested  with  acid  In  an  Ehrlenmeyer  flask,  for  some  time  tightly 
stoppered  and  allowed  to  stand.  A  third  portion  was  fused  with  sodium  car- 
bonate, slaked  In  water,  neutralized  with  hydrochloric  acid,  and  tightly  stop- 
pered in  an  Ehrlenmeyer  flask.  After  one  month  these  Ehrlenmeyer  flasks 
in  turn  were  connected  In  circuit  with  the  apparatus  and  air  was  sucked 
through  the  solution,  so  that  any  emanation  would  be  drawn  with  It  Into  the 
apparatus.  In  all  cases,  excepting  one,  the  air  leak  was  perfectly  normal  for  a 
period  of  hours,  being  identical  with  that  produced  by  the  natural  activity  of 
the  air.  In  the  first  experiment  with  clay  No.  32  the  conductivity  was  ob- 
served to  be  nearly  double  for  a  period  of  two  hours,  wh.en  the  increase  fell 
away. 

The  apparatus  was  sufficiently  sensitive,  as  is  shown  by  test  experiments, 
with  a  sample  of  black  uranium  oxide  (Kahlbaum)  and  one  of  pitchblende 
from  Joachimthal,  which  contained  26  per  cent  of  uranium.  One  gram  of  the 
oxide  was  In  turn  uniformly  spread  over  the  bottom  of  platinum  containers  of 
various  sizes,  from  a  platinum  crucible  the  bottom  of  which  Is  2  centimeters 
in  diameter  to  a  dish  4.5  centimeters  In  diameter,  and  put  Immediately  In  the 
electroscope  jar.  The  rate  of  fall  in  these  was  from  80  to  107  scale  divisions 
per  minute,  4,800  to  6,420  per  hour,  depending  on  the  thinness  of  the  layer  of 
powder.  Similarly,  the  rate  of  fall  for  1  gram  of  the  pitchblende  varied 
from  100  to  203  scale  divisions  per  minute,  8,000  to  12,180  per  hour,  dep^ding 

«Phys.  Ztschr.  (1903),  4,  522;  Chem.  News  (1903),  88,  30. 

^'Chem.  News  (1903),  88,  30.   ' 

c  Rutherford,  E. :  Radioactivity,  Cambridge,  Eng.  (1905),  507. 

*lbld.,  496. 

^Phys.  Ztschr.  (1904),  5,  321. 

^Monatsh.  f.  Chem.  (1905),  26,  596. 

i'Thls  Journal  (1906),  1,  435. 
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on  the  spreading.  The  larger  of  these  rates  in  each  case  is  about  the  same 
as  that  obtained  by  Bacon,«  who  used  a  dish  of  4  or  5  centimeters  diameter  as 
the  container  in  his  experiments. 

These  numbers  are  not  necessarily  the  maximum  value  because  of  the  un- 
avoidable absorption  of  the  emanation  at  the  surface  of  the  powder,  but  with 
reasonably  large  spreading  surface  and  working  under  constant  conditions, 
the  results  are  roughly  comparable.  The  greatest  activity  of  pitchblende  yet 
observed  is  about  five  or  six  times  that  of  uranium,  and  when  they  are  con- 
sidered with  reference  to  the  uranium  content,  approximately,  that  is  the  rela- 
tion which  exists  between  the  above  samples.  By  dissolving  a  mineral  and 
then  setting  it  aside  In  a  closed  vessel,  the  amount  of  emanation  present  reaches 
a  maximum  value  after  a  month's  interval.  This  was  done  with  a  gram  of 
the  pitchblende,  the  emanation  being  drawn  into  the  apparatus  by  sucking  air 
through  the  solution  and  a  rate  of  fall  of  640  scale  divisions  per  minute,  or 
38,400  per  hour,  was  obtained  as  the  average  of  eight  closely  agreeing  readings 
under  different  chargings.  The  apparatus  therefore  was  so  sensitive  that  this 
pitchblende  gave  a  rate  of  fall  of  the  gold  leaf  more  than  12,000  times  as  fast  as 
that  produced  by  the  leakage  through  normal  air. 

From  the  work  of  Elster  and  Geltel  the  conclusion  may  be  drawn  that  no 
primary  radioactivity  can  be  present  in  the  above  samples  of  Philippine  clays, 
since  they  suffered  no  diminution  in  eight  months.  If  our  clays  contained 
primary  radioactive  bodies  this  effect  would  have  been  noted,  since  the  samples 
were  all  investigated  in  less  than  eight  months  from  the  time  they  were  taken. 
An  extremely  small  amount  of  induced  radioactivity  was-  observed  in  clay 
Xo.  32,  while  a  certain  amount  might  have  been  lost  from  the  other  samples 
during  the  time  intervening  between  the  taking  of  the  sample  and  its  examina- 
tion in  the  laboratory.  However,  It  seems  more  probable  that  there  may  be 
practically  no  radioactive  bodies  in  these  islands,  for  two  reasons — first,  ac- 
cording to  Elster  and  Geitel,  very  little  radioactivity  exists  near  the  sea,  and, 
second,  matter  dissociates  under  the  influence  of  radiant  energy.  The  tropical 
sunlight  affords  opportunity  for  the  maximum  effect  of  the  latter.  Le  Bon  ^ 
calls  attention  to  the  fact  that  radiant  energy  falling  upon  matter  causes  it  to 
dissociate,  and  if  it  is  of  sufficient  intensity  to  heat  the  substance  it  also  causes 
an  expulsion  of  a  small  quantity  of  the  radioactive  elements  produced  by  the 
dissociation.  The  action  of  the  intense  tropical  sunlight  for  centuries  on  the 
various  deposits  occurring  here  may  be  accountable  for  the  almost  entire  ab- 
sence of  radioactivity  In  these  islands.  In  support  of  this  suggestion  attention 
is  called  to  the  work  of  Ramsay  and  Spencer,*^  where  the  "  fatigue  of  metals," 
a  perhaps  comparable  phenomenon,  is  produced  by  the  action  of  intense  light. 
It  should  also  be  remembered  that  Bacon  <*  found  no  radioactivity  in  the  waters 
of  the  crater  lakes  of  Taal  Volcano. 


(From  the  Far  Eastern  Review,  December,  1907,  p.  216.) 

NOTES  ON  THE  MANILA  LIME  STTPPLY. 

(Edited  by  the  Bureau  of  Science,  Manila,  P.  I.) 

By  M.  Goodman. 

The  two  important  sources  of  the  Manila  supply  of  lime  are:  (a)  Limestone 
quarries  near  Blnangonan,  and  (6)  oyster  and  other  marine  shells  near 
.Malabon. 

(a)  The  annual  output  of  the  Blnangonan  quarries  is  in  the  neighborhood  of 
600  tons,  nearly  all  of  which  is  shipped  to  Manila  In  a  water-slaked  condition, 
and  is  here  used  almost  entirely  for  mortar  making.  The  product  of  the 
Blnangonan  kilns  Is  a  very  fat  lime,  which  swells  to  about  three  times  its 
original  volume  In  slaking.    In  this  condition  it  sells  at  Blnangonan  for  P0.45 

«Ibld.,  Gen.  Scl.,  Sec.  A  (1907),  2,  124. 
»CV)mpt.  Rend.  Acad.  d.  sc.  (1906),  143,  647. 
''Philosophical  Mag.  (1906),  12,  402. 
^Thls  Journal,  Gen.  Sci.,  Sec.  A  (1907),  2.  115. 
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per  cavan  (about  80  pounds  by  weight),  and  costs  to  transport  to  Manila  an 
additional  ft).15,  making  the  total  cost  at  Manila  about  ft).60  per  cavan. 
Freshly  burnt  quick  lime  can  be  obtained  at  Binangonan  for  about  M^  per 
cavan,  or  three  times  the  cost  of  the  slaked  lime,  and  in  Manila  for  about  n.50 
per  cavan.  The  estimated  total  cost  of  manufacturing  the  slaked  lime  at  the 
kiln  is  about  ^0.22  per  cavan.  Transportation  per  carabao  from  the  kilns  to  the 
town  of  Binangonan  cost  an  additional  1^.06.  Assuming  the  quick  lime  to 
triple  in  volume  in  slaking,  the  cost  of  transportation  to  remain  the  same  for 
quick  as  for  slaked  lime,  the  cost  of  producing  a  cavan  of  quick  lime  In  Manila 
would  be  about  W).87  per  cavan,  or  about  ^2.50  per  barrel  of  230  pounds,  af- 
fording a  i)rofit  of  about  W).HO  i)er  cavan  at  the  present  market  rate. 

Owing  to  the  small  and  irregular  demand,  the  lime  is  ordinarily  burnt  when 
required  then  slaked  and  shipped  to  Manila,  either  in  sacks  or  in  barrela  Very 
little  of  the  product  is  shipped  in  an  unslaked  condition.  So  far  as  the  supply 
of  labor  and  material  is  concerned,  the  present  operators  contemplate  no  diffi- 
culty in  being  able  to  increase  the  output  to  any  amount  that  may  be  required 
in  the  future, 

(b)  About  600  tons  of  slaked  lime  are  produced  annually  at  Malabon,  from 
marine  shells  gathered  in  that  vicinity.  The  product  is  poorer  in  quality  and 
brings  a  poorer  price  than  the  Binangonan  lime.  Like  the  latter,  the  major 
|)ort!on  of  the  product  is  used  in  making  mortar.  Part  of  it,  however,  is  also 
used  in  whitewashing  and  a  small  amount  especially  prepared  for  the  purpose  is 
used  in  making  the  Uuie  imste  which  is  chewed  with  betel  nut.  The  estimated 
cost  of  production  of  the  slaked  lime  is  about  ^0.25  per  cavan,  and  the  cost  of 
transportation  to  Manila  is  ?0.05,  making  the  total  cost  of  production  at  Manila 
about  W).30  i)er  cavan.    Its  selling  price  here  is  about  W.38  per  cavan. 

In  addition  to  the  local  sources  of  supply  small  quantities  of  lime  are  im- 
ported annually  from  foreign  countries.  According  to  the  "  Monthly  Summary 
of  Commerce  of  the  Philippine  Islands,"  the  total  imports  of  lime  during  the 
fiscal  year  1905  were  only  134  barrels  (15i  tons),  valued  at  ^4M.  This  was  for 
the  most  part  an  hydraulic  lime  imported  from  France,  and  was  used  in  the 
manufacture  of  artificial  stone  and  tiles. 


(From  the  Far  Eastern  Review,  May,  1907.) 
THE  SANTA  XESA  CEMENT  TILE  AND  PIPE  FACTOBT. 

The  first  factory  to  be  established  in  the  Orient  for  the  manufacture  of 
cement  tile  and  pipe  was  the  one  that  to-day  bears  the  name  of  the  Santa  Mesa 
Cement  Tile  and  Pipe  Factory,  situated  on  the  bank  of  the  Pasig  River  at  Santa 
Mesa,  Manila.  This  institution  was  founded  by  Mr.  Carl  Fressel,  in  18S6,  and 
he  continued  as  proprietor  until  his  death,  in  1904.  When  first  opened  it  was 
situated  on  the  Santa  Mesa  road,  but  was  later  transferred  to  its  present  site 
in  order  to  have  the  benefit  of  water  transporation,  by  Mr.  G.  Ludewig,  the 
actual  manager. 

The  site  on  which  the  present  modern  plant  stands  covers  an'' area  of  24,000 
square  meters,  comprising  in  all  13  buildings  suflaciently  large  to  give  plenty  of 
space  to  the  several  departments  into  which  the  works  are  divided. 

One  building  is  set  aside  for  cement  colors,  with  a  mixing  room  attached, 
where  all  the  material  is  made  available  and  the  work  in  the  department  carried 
on  with  dispatch. 

The  carpenter  shop,  which  occupies  another  building,  is  equipped  with  all 
the  necessary  modern  machinery,  so  that  all  the  construction  work  connected 
with  the  factory  is  greatly  expedited. 

Besides  these  two  buildings  there  are  three  press  shops,  each  with  a  large 
storeroom  for  tiles;  one  shop  equipped  with  a  motor  press  and  motor  for  same, 
together  with  a  polisher  utilized  in  finishing  marble  construction ;  a  shop  with 
a  large  hydraulic  press  for  power  and  heat;  one  warehouse  for  moldings,  four 
pipe  camarines,  where  the  finished  product  is  stored;  and  besides  all  these 
buildings  there  are  two  large  cement  brick  factories. 

With  this  splendid  equipment  the  works  turn  out  daily  7,000  tiles,  6.000 
bricks,  and  1,000  meters  of  diCPerent  sizes  of  pipe.  In  all  the  differwit  classes 
of  work  this  enterprising  firm  uses  only  the  very  best  material  and  gives  it  the 
most  careful  supervision. 
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The  cement  and  colors  are  all  first  class  and  Imported  direct  from  the  German 
manufacturers,  so  that  the  output  may  be  depended  upon  as  being  of  first-class 
quality. 

In  addition  to  the  manufacturing  feature,  contracts  are  undertaken  by  the 
Santa  Mesa  Cement  Tile  and  Pipe  Factory  for  all  kinds  of  cement  construction, 
one  special  feature  of  which  is  the  supplying  of  imitation  marble  tiles  and 
doorsteps  and  other  ornamental  construction  in  which  cement  is  utilized. 

This  factory  furnished  the  Philippines  Telephone  CJompany  the  cement  con- 
duits for  the  construction  of  the  subways  for  the  cables,  a  total  of  50,000  cable 
feet.  As  an  indication  of  the  capacity  and  expedition  with  which  this  contract 
was  handled,  all  the  material  was  supplied  in  twenty  daya 

So  effective  has  l)een  the  service  of  this  well-established  manufactory  that  its 
product  is  used  exclusively  for  all  public  and  private  work  in  the  Philippines. 
This  is  the  best  testimonial  of  the  high  standard  of  the  product 

In  addition  to  the  general  recognition  given  this  factory,  it  was  awarded  the 
gold  medal  at  the  Phllipphie  exhibition  held  in  1895. 

Cement  bricks  are  not  more  expensive  than  other  bricks  and  may  be  made  in 
any  colors.  The  hollow  compressed  are  especially  adapted  to  the  Tropics,  the 
air  chamber  keeping  out  all  heat.  For  house  building  these  bricks  can  not  be 
equaled  for  strength  and  durability,  while  coolness,  which  is  so  desirable  in 
the  Tropics,  is  ever  assured. 

One  advantage  of  the  cement  brick  that  appeals  to  the  householder  is  the 
tenacity  with  which  it  retains  its  color,  and  this  does  away  with  the  necessity 
of  painting  a  house  in  the  construction  of  which  this  brick  is  used  exclusively. 
The  brick  is  carefully  polished,  so  it  may  be  easily  washed  and  still  retain  its 
brightness. 

The  bricks  turned  out  by  this  factory  are  of  the  American  standard,  viz: 
8  by  3}  by  2  inches. 


HINEEAL  SPBINOS. 


(Report  of  the  Bchurman  Philippine  Commission,  1000,  vol.  3,  p.  213.) 

Chapteb  II. 

XDfEEO-MEPICnrAL  WATEES. 

General  Idea  of  Philippine  Springs. 

EXISTENCE  OF  SPRINGS. 

As  we  stated  in  treating  of  orography,  volcanic  action  has  had  such  a  great 
influence  in  the  formation  of  the  Philippine  soil  that  it  is  readily  understood 
that  there  must  be  in  it  a  multitude  of  minero-medlcinal  springs,  as  is  in  real- 
ity the  case,  although  many  of  them  still  remain  unknown  from  a  scientific 
standpoint 

EXAMINATIONS  MADE. 

Before  the  year  1885  there  had  not  yet  been  made  any  classification  of  the 
Philippine  springs.  In  1890  the  report  of  the  work  of  the  first  commission  was 
published  in  Madrid,  and  in  1893  that  of  the  second  and  last  From  an  atten- 
tive reading  of  both  volumes  it  is  inferred  that  the  physical,  chemical,  and 
therapeutical  examination  of  some  50  springs  is  the  most  complete  and  thor- 
ough that  can  be  made  in  a  country  in  which,  as  in  the  Philippines,  traveling 
is  so  difficult  and  laborious  on  account  of  the  absolute  lack  at  times  of  good 
means  of  communication.  Notwithstanding,  there  are  a  great  many  springs 
that  have  not  yet  been  analyzed.  We  shall  place  here  first  those  whose  analy- 
sis is  known,  and  afterwards  add  the  others  as  they  are  supposed  to  be  con- 
stituted. The  first  are  taken  from  the  reports  of  the  above-mentioned  commis- 
sions and  are  indicated,  because  it  seemed  to  us  most  convenient  according  to 
the  alphabetical  order  of  the  provinces  in  which  they  are  found. 

62564— WAB  1908— VOL  8,  ap 32  485 
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Besides  the  50  springs  that  have  been  analyzed  there  are  117  more, 
well  known,  although  they  have  not  yet  been  analyzed,  whidi  we 
enumerate  below : 

Springs  whose  waters  have  not  pet  been  analyzed. 


ProviBoe  or  iaUnd. 


Looatlon. 


Supposed  dtss. 


Cagavan. 


.do. 
.do. 


II0006  Norte. 

....do 

....do 

....do 

Abra 

...do 

do 

Bontoc 


....do 

....do 

laabela 

Benguet 

....do 

....do 

Suiangan 
ueva  Vizcaya. 
do 


....do. 
....do. 
....do. 
....do. 
Union. 


Binatangan.. 

Principe 

Pangasinan.. 
Nueva  Ecija. 

— do 

....do 

do 

...do 

Zambales 

....do 

....do 

....do 

....do 

Tarlac 

Bulacan 

Pampanga... 


Bataan.. 
Morong. 
Laguna. 


Cavite 

Tayabas 

do 

Batangas 

do 

do 

do 

Ambos  Camarines 
do 

Albay 

do 

do 

do 

do 

Mindoro 

do 

do 

Marinduque 

do 

do 

Saznar 

do 
do 


Aparri 

..Tldo 

do 

Al  8.  de  la  punta  Escarpada. 

Bangui 

Nagpartian 

Vintor  (Bisaya) 

A  ties  kildmetroe  de  Bisaya. . 

San  Qalllermo  (en  el  rfo) 

Rio  Yenin 

Balatoc  (rfo  Pascil) 

Sadanga 


Mainit 

Talubin 

Angadanan 

Buguias  (Padungay) 

Buguias  I  Asin) 

Buguias  (al  Oeste) 

Dadan  (al  ONO) 

Dadan(Asin) 

Buyanbuyan  (en  el  monte  al  Oeste). 

Bayombong  (en  la  loma) 

Bambang  (Amigui  No.  1) 


Bambang  (Amigui  No.  2). 

Monte  BUnoo  (Asin) 

Ihin 

Dagol 

Amsacon  (rfo  Bued) 


Quelingan  (rfo  Dicasignan). . . 
Baler  (rfos  Baler  y  Caliselan) . 

Aguilar 

Pantagamban  (Cabuyao) 

Pantagamban  (Cadaclan) 

Cuyapo  (oerro  Bancay ) 

Santor  (Camabov) 

Santor  (arroyo  Daguan) 

Dasol 

Palauig 

Iba. 


Cabangan  (C^umejan) 

Subic 

Moriones 

San  Rafael  (camino  de  Daang-Partida). 
Porac  (hacienda  de  Plas) 


Morong  (origen  del  rfo  Morong). 

Tanay  (rfo  Lanatin) 

Calamba  ( Boca! ) 


Indang  (Arzobispo) 

Tiaong 

Ouinayangan 

Lipa  (Taton) 

Ibaan  (Pangao) 

Taysan 

San  Juan  de  Bocboe 

Caramoan 

San  Fernando  (Mainit) 

Daraca  (Budiao) 

Camalig 

Legaspi  (Marisblris) 

Mimito  (punta  (3auit) 

Bulan  (Lallsaga) 

Subaang 

Naujan  (entre  el  mar  y  la  lagona  Naujan)! . ! 

Bulalacao  (Damagan) 

Boac  (Sabang) 

Oasan  ( B uenavista) 

Malbug 

Calbayog 

Calbiga 

,  ....do. 

do I  Ouiaan  (en  la  playa) , 

Calamianes i  Isla  Busuanga  (al  pie  del  monte  Tundalara), 


Sulfurosas. 

Do. 

Do. 
Saladas  y  termales. 

Do. 

Do. 
Bicarbonatadas,  miztas. 
Saladas  y  termales. 
fiicarbonatadas,  mixtas. 

Do. 

Do. 
Saladas,  deutelto  fiemiginoto 
con  olor  suifhidrico. 
Saladas  oon  olor  suUhfdrtoo. 

Do. 
Termales. 
Cloruradas,  sddiOBS. 

Do. 

Do. 
Sulfhldrleas. 
Cloruradas,  sddloas. 
Saladas. 

Do. 
Hipertermalea,      bicarbou- 
tadas,  oloniradas,  sddicas. 

Do. 
Cloruradas,  sddicas. 

Do. 

Do. 
Hipertermales,   sulfhldiieHi 
doruradas,  suUatadas. 

Do. 

Do. 
Termales. 

Do. 

Do. 
Saladas. 
Termales. 

Do. 

Do. 

Do. 

Do. 

Do. 
Ferruginosas. 

Do. 

Do. 
Bicarbonatadas  8MIoo4iu«* 
nteicas. ' 

Bicarbonatadas,  oilclcas, 

doruradas,  sddicas. 
Sulfurosas,  bicarbonatadas. 
Ferruginosas. 

Do. 

Do. 
Sulfurosas. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
SiUoeas. 

Do. 
Termales. 

Do. 
aoruradas,  addloso. 

Do. 

Do. 

Do. 
Termales. 
Salobres. 
Bicarbonatadas. 
Ferruginosas. 

Do. 
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Springs  whose  waters  have  not  yet  been  analyzed — Continued. 


90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 

108 
104 
106 
106 
107 
106 
109 
110 
111 
112 
113 
114 
116 
116 
117 


ProTlnoe  or  island. 


Captz 

Antique. 

do... 

do... 

Iloilo.... 

do... 

do... 

do... 

Leyte 

do... 

do... 

do... 

do... 

do... 

do... 

Cebu 

do... 

do... 

Negros... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 


....do 

Bohol 

....do 

Isla  de  Panglao. 
Isla  de  Siquijor. 

do 

....do 

....do 

Surlgao 


do.... 

Camiguin. 
Misamls... 
Pigtao.... 
DavAo 


Location. 


Ibajay  (rio  Panacuyan) 

Barbasa 

Antique  (anroyo  Apdo) 

Anlnfy  (punta  Slaran) 

Passl  (Maasin) 

Dingle 

Alimodian 

Eubungan 

Calblran  (rio  Calambls) 

Masaplop 

Biliran  (punta  Tinogdayan) 

Ormoc  (ceroa  de  Dolores) 

Burauen  (monte  To-od) 

T/npir'a  Jaruanan 

^ballan  (rio  Oulntuluc) 

Tagobon  (Mabuli- Romero) 

Asturias  ( Aguas  Callentes) 

Dumanjuc  (Nagbata) 

Bacolod 

Murcia 

Sumag 

Bagorbarrio  de  Zaragoza,  en  4  parajes) 

LaCariota 

Isabela 

Amblan 

8Ibulan(al  Noroeste) 

Sibulan  (San  Antonio) 

Nueva  Valencia  (Malnit) 

Noeva  Valencia  (Magano) 

Dauln(Lagit) 

Daain  (origen  del  rio  de  este  nombre). . 

Ouindulman(Boboc) 

Tagbilaran  (Dauit) 

Dauis  ( Bingan) 

San  Juan  (monte  Condoon) 

Napo 

Tabod 

Cabalaguln 

Tungao 

Placer 

Mainit(Mapaca) 

Catarman 

Ballngasag 

Pigtao 

Malibato 


Supposed  class. 


Femiginosas. 

Do. 

Do. 
Termales,  sulfhtdricas. 
Cloruradas,  sddicas. 

Do. 

Do. 

Do. 

Do. 
Alumbrosas. 
Sulfurosas. 

Do. 

Do. 

Do. 

Do. 
Termales,  sulfurosas. 

Do. 
Hlpotermales,  sulfhfdricas. 

Dj. 

Do. 

Do. 

Do. 

(?) 
Bicarbonatadas. 

Do. 
Termales,  sulfurosas. 
Termales. 

Do. 
Sulfurosas. 
Hipertermales.  sulfotadas, 

cloruradas,  sMicas. 
Sulfurosas. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Ferruginosas. 
Sulfurosas. 

Do. 

Do. 

Do. 

Do. 
Termales. 


NOTE  ON  THEBMO-MINERAL  SPBINGS. 

From  the  "  Memoria  Oeol6gico-Mlnera  de  las  Islas  Filiplnas  "  of  the  inspector- 
general  of  mines,  Mr.  Centeno,  we  take  the  following : 

**  We  have  already  briefly  indicated,  in  treating  of  volcanoes,  the  existence  of 
sulphurous  thermal  springs  in  the  settlements  of  Magangan  and  Buguias  in 
the  district  of  Lepanto.  In  the  distance  which  separates  the  settlement  of 
Magangan  from  that  of  Acual  there  are  a  multitude  of  jets  of  sulphurous 
water  with  a  strong  smell  of  rotten  eggs  and  with  temperatures  varying  from 
16°  to  50**  C.  One  of  these  springs  is  remarkable,  because  it  throws  out  almost 
constantly  a  great  quantity  of  black  mud,  which  has  the  same  odor  as  the 
waters,  and  of  the  composition  of  which  we  are  ignorant.  In  the  proximity 
of  all  these  springs  a  great  quantity  of  sulphur  has  been  deposited,  which  on 
account  of  being  of  no  use  there,  no  one  has  taken  the  trouble  to  exploit  From 
Acual  one  can  go  to  Ambllmay,  5  leagues  distant,  by  a  good  and  pleasant  road, 
passing  by  the  settlements  of  Lutap  and  Cabayan,  noted  for  their  agricultural 
wealth  and  fisheries,  and  from  the  latter  point  Buguias  may  be  reached  by 
following  the  course  of  the  river  Agno,  which  must  be  crossed  many  times  In 
the  short  distance  of  half  a  league  which  separates  the  two  towns.  The 
village  of  Buguias  is  located  on  the  side  of  the  mountain,  in  which  the  springs 
appear  at  a  very  short  distance  from  It  and  a  little  higher  up.  The  water  from 
the  37  jets  which  appear  within  a  very  short  distance  is  very  salt  and  of  such  a 
high  temperature  that  the  skin  can  not  stand  it  more  than  two  or  three  seconds. 
From  these  waters  the  natives  extract  the  small  quantity  of  common  salt  they 
need  for  consumption. 
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'*  The  proYince  of  Batangas  is  also  very  rich  in  mineral  waters,  for,  besides  the 
sulphuric  waters  of  the  volcano  of  Taal,  of  which  we  shall  speak  further  on, 
there  are  several  important  springs  in  it  In  the  township  of  San  Luis,  at  a 
place  called  Mainit  (hot),  some  Jets  of  hot  water  gush  from  the  ground,  which 
leave  an  abundant  ferruginous  sediment.  The  waters  of  the  brook  Panipil, 
near  the  town  of  Lemery,  are  very  sulphurous,  and  are  used  with  good  results 
by  the  natives  for  cutaneous  diseases.  In  the  territory  of  the  same  town,  on 
the  road  which  leads  to  Calaca,  at  a  place  called  Matasnabayan,  there  are  also 
some  springs  which  are  little  known  and  used.  In  the  mountains  of  Taypan 
also  there  are  hot  springs  whose  composition  is  unknown  to  us,  but  which  are 
used  by  the  natives  with  good  results  for  diseases  of  the  bladder  and  cutaneous 
diseases.  Besides  the  water  is  used  as  an  efficacious  purgative  in  many  cases. 
Finally,  to  the  southeast  of  Bauan,  near  Point  Cazador,  there  is  another  small 
spring,  to  which  all  afflicted  with  rheumatism  and  paralysis  resort  in  search 
of  relief  from  their  sufferings,  and  which  they  usually  find. 

**  The  volcano  of  Taal  is  found  in  this  same  province,  in  the  crater  of  which 
there  is  a  small  lake  of  water  charged  with  sulphuric  acid. 

•  •♦*•*  • 

**  Very  near  this  interior  crater  and  toward  the  east  a  small  lake  is  seen,  whose 
dark-green  waters  emit  clouds  of  sulphurous  vapors,  and  whose  shores  are 
formed  of  lava  and  salts,  which  must  be  magnesia,  lime,  and  soda,  as  we  shall 
soon  see  from  the  analysis  which  we  shall  present  of  said  waters.  The  extent 
of  this  interior  lake  varies  frequently,  but  it  is  hardly  ever  less  than  60  met^^s 
in  diameter. 

•  •••••  ♦ 

"  The  interior  crater  has  a  circumference  of  80  meters,  approximately,  and  in 
the  bottom  is  seen,  when  one  descends  by  the  walls  of  the  old  crater,  a  y^ 
lowish  liquid  in  a  state  of  violent  ebullition,  which  with  subterranean  noises 
appears  and  disappears  with  marvelous  rapidity,  presenting  points  of  lively  com- 
bustion and  occasioning  the  column  of  vapors  which  asceud  into  the  atmos- 
phere from  the  center  of  the  large  crater. 

"The  water  of  the  interior  lake  has  the  following  composition: 

Per  cent- 
Sulphuric  acid 2.98 

Hydrochloric  acid 3.16 

Ferruginous  oxide 1.00 

Clay    1.04 

Magnesia .20 

Lime .OS 

Soda  1.02 

Water 90.52 

Total    100. 00 

"  Of  the  2.98  parts  of  sulphuric  acid,  2.47  were  found  free,  or  not  combined. 

•*  In  the  province  of  Albay,  near  the  town  of  Tivi,  and  at  a  place  called  Ji^abo. 
there  are  several  thermic  springs  of  different  temperatures,  some  containing 
a  large  quantity  of  sulphur,  which  is  precipitated  when  the  sulphureted  hydro- 
gen decomposes,  and  others  have  a  gelatinous  silica  In  solution,  which  the  waters 
on  cooling  deposit  on  objects  dipped  into  them,  incrusting  them  in  a  short  time 
with  remarkable  perfection. 

**  The  sulphurous  springs  appear  at  several  points  along  the  channel  of  a  small 
stream,  whose  waters,  of  the  ordinary  temperature,  conveniently  mixed  with 
the  water  from  the  hot  springs,  make  baths  of  any  temperature  that  may  be 
desired.  Underneath  the  round  stones  which  make  the  bed  of  the  brook  there  are 
found  small  deposits  of  sulphur  sublimate,  and  at  certain  places  In  a  pasty  state 
and  colored  by  metallic  oxides,  which  are  used  In  that  locality  for  paint.  The 
second— that  is  to  say,  the  siliceous  springs — appear  some  200  meters  from  the 
first,  and  are  much  more  remarkable,  not  only  on  account  of  the  greater  space 
they  occupy,  but  also  on  account  of  their  very  high  temperature  (108*  centi- 
grade) and  the  very  beautiful  siliceous  concretions  they  produce,  sometimes 
consisting  of  fiattened  cones  with  cylindrical  terminations,  perfectly  joined  and 
with  bands  of  different  colors,  sometimes  forming  small  cylindrical  and  semi- 
spherical  hollow  crystals,  wholly  filled  with  quiet  and  transparent  hot  water. 
In  these  waters,  with  a  little  care,  the  purest  siliceous  Incrustations  can  be 
obtained  by  simply  putting  the  molds  in  them  for  a  few  days. 
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These  thermo  mineral  waters,  which  have  not  been  known  very  long,  have, 
however,  begun  to  be  used  with  astounding  success  for  certain  infirmities,  and 
we  have  seen  cases  of  chronic  rheumatism  and  paralysis  completely  cured  in  a 
short  time. 

Therapeutic  Properties  of  Certain  Springs.^ 

ACIDULATED,  CARBONIC,  FERBUGINOUS,  AND  BICASBONATia)  WATEBS. 
LANOT  SPRING. 

The  spring  of  I^not  is  in  the  village  of  Ctolasi,  township  of  Daet,  province  of 
Ambos  Ca  marines. 

Therapeutic  application, — The  large  quantity  of  free  carbonic  acid  which 
these  waters  contain  deprives  them  completely  of  the  disagreeable  taste  charac- 
teristic of  all  ferruginous  waters,  and  as  such  there  may  be  treated  by  them, 
with  great  probability  of  success,  especially  those  morbid  states  which  are 
characterized  by  the  diminution  of  red  corpuscles. 

Assisting  the  action  of  the  carbonic  acid,  the  bicarbonates  of  lime  and  mag- 
nesia will  have  a  favorable  effect  on  various  diseases  of  the  digestive  organs, 
especially  those  which  are  caused  by  a  defect  in  their  regular  action. 

Special  indications, — Gastralgias,  dyspepsias,  gastric  and  intestinal  catarrhs, 
anaemia,  and  chlorosis. 

C7»e.— Drink. 

ALKAUNE-BICABBONATED    WATEBS. 
SAN  BAIMUNDO  SPRING. 

The  spring  of  San  Raimundo  (Calauan)  is  located  in  the  ward  of  Simslan, 
town  of  Lemery,  province  of  Batangas.  When  the  natives  of  this  neighborhood 
began  to  use  these  waters  for  the  treatment  of  their  diseases,  they  gave  them 
such  a  reputation  that  from  300  to  400  individuals  bathed  in  them  daily  and  in 
their  Ignorance  they  attributed  marvelous  cures  to  them. 

It  is  preferable  to  use  these  waters  in  baths,  rubbing  the  skin  a  great  deal 
with  the  mud  from  the  bottom  of  the  spring,  the  diseases  treated  by  it  being  so 
different  that  It  is  possible  there  Is  not  a  single  one  that  has  not  been  submitted 
to  the  test  of  its  efficacy.  The  indication  of  arsenic,  which  the  analysis  shows, 
gives  these  waters  great  value,  because  they  are  the  only  ones  of  their  class 
that  the  commission  was  able  to  study. 

Special  indications. — Chlorosis,  aneemia,  chronic  metritis,  gout,  uric  diathesis, 
and  catarrhs  of  the  genito-urinary  mucus. 

Common  indications. — Neuralgias,   menstrual   disturban$es,  neuropathic  ef- 
fects, and  gastro-intestinal  catarrhs. 
9      Use. — Drink  and  l)athe  in. 

Season. — From  November  to  May. 

SAN  MARIANO  SPRING. 

The  spring  of  San  Mariano  of  Nagtanglan  Is  in  the  town  of  Pozorrublo,  prov- 
ince of  Pangasinan. 

Special  indications. — Scrofula,  tuberculosis,  gout,  diabetis,  rickets,  and  derma- 
tosis. 

Common  4n(ficat4on«.— Gastro-intestinal  catarrhs,  dyspepsias,  and  catarrhs  of 
the  respiratory  and  genito-urinary  organs. 

Use. — ^Drink  and  bathe  in. 

Season. — From  December  to  May. 

OAPAS  SPRING. 

The  spring  of  Gapas  is  in  the  town  of  Balayan,  province  of  Batangas. 
Special  indications. — Rheumatism  of  slight  intensity,  gout,  and  hysteria. 
Common  indications. — Catarrhs  of  the  stomach  and  dyspepsias,  with  pyrosis. 
Use. — Drink  and  bathe  in. 
Season. — From  November  to  May. 

*  Taken  from  the  "  Estudio  Descriptivo  de  Algunos  Manantlales  Minerales  de 
Filipinas,"  Issued  by  the  commission  composed  of  D.  Enrique  Abella  y  Casariego, 
inspector-general  of  mines;  D.  Jos4  de  Vera  y  G6mes,  physician;  and  D.  Anacleto 
del  Bosario  y  Sales,  pharmacist,  Manila.    Tipo-Litografia  de  Chofr^  y  Cfa.,  1893. 
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SULPHUBOU8-8ULPHOHTDBI0  WATEB8. 

MAI  NIT  8PBINO. 

f 

The  spring  of  Malnlt  is  in  the  town  of  Bosoboso,  district  of  Morong. 

Special  indications, — ^Herpetism,  catarrhal  affections  of  the  respiratory  organi, 
and  liabitnal  costiveness. 

Common  indications, — Lymphatlsm,  visceral  rheumatism,  syphilis,  and 
scrofula. 

Use. — Drink  and  bathe  in. 

Season, — From  February  to  May. 

BIOASBONATBa>-€ALCIO   WATKBS. 
CANDAOUIT  SPRING. 

The  spring  of  Gandaguit  is  found  in  the  town  of  Naga,  district  of  Oebu. 

Special  indications. — ^Dermatosis,  chronic  catarrhs  of  the  genito-urinary  (MTgans, 
infarctions  of  the  abdominal  viscera,  and  menstrual  disturbances. 

Common  indications, — Chronic  catarrhs  of  the  respiratory  organs,  dyspepsIaB, 
and  gastralgias. 

Use, — Drink  and  bathe  in. 

Season, — From  November  to  May. 

CABIPITAN    BPRINO. 

The  spring  of  Gasipitan  de  Inamblan  is  in  the  town  of  Malabuyoc,  district 
of  Cebu. 

Special  indications, — Rheumatism,  gout,  neuralgia,  paralysis,  pulmonaiy 
tuberculosis,  chronic  bronchial  catarrh,  chronic  catarrhs  of  the  geni to-urinary 
organs,  infarctions  of  the  abdominal  viscera,  uric  diathesis,  menstrual  dis- 
turbances, and  leucorrhcea. 

MDLAO    SPRING. 

This  is  in  the  town  of  Carcar,  district  of  Cebu. 

Special  indications, — Dermatosis,  chronic  catarrh  of  the  genito-urinary 
organs,  infarctions  of  the  alxlominal  viscera,  menstrual  disturbances,  and 
leucorrhcea. 

Common  indications. — Chronic  catarrhs  of  the  respiratory  organs,  dy8p^;)sia8, 
and  gastralgias. 

MlXia)  BICARBONATED   WATEB8. 
TAGBAO    SPRING. 

The  spring  of  Tagbag  or  Bolocboloc  is  in  Barili,  town  of  Cebu. 

Special  indications, — Dermatosis,  chronic  catarrhs  of  the  goiito-urinary 
organs,  infarctions  of  the  abdominal  viscera,  gout,  uric  diathesis,  menstrual  dis- 
turbances, and  leucorrhoea. 

Common  indications, — Chronic  catarrhs  of  the  respiratory  organs,  dyspepsias, 
gastralgias,  and  hysteria. 

Season, — From  February  to  May. 

TANON    SPRING.     - 

The  spring  of  Tanon  (Mainit)  appears  in  the  town  of  Santander,  district 
of  Cebu. 

Special  indications, — Dermatosis,  rheumatism,  gout,  uric  diathesis,  chronic 
catarrhs  of  the  genito-urinary  organs,  and  infarctions  of  the  abdominal  viscera. 

Common  indications, — Dyspepsias  with  pyrosis,  chronic  gastro-intestinal 
catarrh,  catarrhal  and  chronic  ulcers  of  the  stomach,  neuralgias,  and  hysteria. 

BULPHATED   SODIC   WATERS. 
QUBNSITOG    SPRING. 

The  spring  of  Quensitog  is  in  the  settlement  of  Amamasan,  command  of 
Tiagan. 

Special  indications, — Chronic  catarrhs  of  the  respiratory  organs,  hemoptysis, 
incipient  tuberculosis,  rheumatism,  paralysis,  herpetic  and  scrofulous  derma- 
tosis, and  habitual  costiveness. 
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Common  indications. — ^Vermlnovis  affections  and  visceral  inforction& 
U8€, — ^To  drink,  bathe  in,  and  inhale. 
Season, — From  November  to  April. 

CABAD   SPRING. 

The  spring  of  Gabad  is  In  Tiquen,  district  of  Lepanto.  • 

Special  indications, — Chronic  catarrhs  of  the  respiratory  organs,  hemoptysis, 
Incipient  tuberculosis,  rheumatism,  paralysis,  herpetic  and  scrofulous  derma- 
tosis, and  habitual  costiveness. 

Common  indications. — Verminous  affections,  visceral  Infarctions,  and  poly- 
sarcia. 

Use. — ^To  drink,  bathe  In,  and  Inhale. 

▲SIN    SPBINO. 

This  is  in  Dilog,  district  of  Lepanto. 

General  indications. — Chronic  catarrhs  of  the  respiratory  organs,  hemoptysis, 
Incipient  tuberculosis,  rheumatism,  paralysis,  herpetic  and  scrofulous  derma- 
tosis, and  habitual  costiveness. 

CHLOBO-SODIC   WATERS. 
8ALVADOBA    SPRING. 

This  is  found  In  the  district  of  Benguet. 

Special  indications. — Constitutional  diseases  of  the  skin  and  mucous  m&oa- 
branes,  herpetic  and  scrofulous  dermatosis,  bronchio-puimonary  catarrhs,  rheu- 
matism, paralysis,  and  hydrargyrism. 

Common  indications. — Visceral  infarctions,  syphilis,  and  chronic  catarrh  of 
the  digestive  and  biliary  passages. 

MBABB    BPBING. 

The  spring  of  Meabe  Is  in  the  town  of  Itogon,  district  of  Benguet. 

Special  indications. — Constitutional  diseases  of  the  skin  and  mucous  mem- 
branes, herpetic  and  scrofulous  dermatosis,  bronchio-puimonary  catarrhs,  rheu- 
matism, paralysis,  and  hydrargyrism. 

Common  indications. — Visceral  infarctions,  syphilis,  and  chronic  catarrhs  of 
the  digestive  and  biliary  passages. 

BOLABOBAN    SPBING. 

The  spring  of  Bolaboran  appears  in  the  town  of  Cardona,  district  of  Monxog. 

Special  indications. — ^Herpetic  and  scrofulous  dermatosis,  catarrhal  affections 
of  the  respiratory  organs,  arthritism,  syphilis,  and  visceral  infarctions. 

Common  indications. — Hemorrhoids,  chronic  catarrhs  of  the  digestive  and 
biliary  passages,  traumatic  diseases,  wounds,  and  atonic  ulcera 

OHIXttATED   SODIO-CALCIC   W^TEBS. 
COTABATO   SPBINO. 

The  spring  of  Cotabato  is  In  the  town  of  this  name,  capital  of  the  fifth 
district  of  Mindanao. 

Special  indications. — Herpetism,  scrofula,  and  lymphatism  in  their  different 
manifestations  in  the  skin  and  mucous  membranes,  goiter,  and  indurations  of 
the  cellular  and  glandular  tissues. 

Common  indications. — Secondary  and  tertiary  syphilis,  muscular  and  articular 
rheumatism,  Infarctions  of  the  abdominal  viscera,  especially  of  the  liver  and 
spleen,  and  abdominal  plethora. 

Use, — ^To  drink,  bathe  in,  and  Inhale. 

OHLOBATED,   80DIC,  BIOABBONATED,  AND  CALCIC   WATERS. 
BINOBBBSAN    SPBINO. 

The  spring  of  Blnobresan  is  found  in  Lian,  a  town  of  Batangas. 

Special  indications. — Chronic  gastro-intestlnal  catarrh,  ulcers  of  the  stomach, 
acid  dyspepsia,  visceral  infarctions,  and  anorexia. 

Common  indications. — Catarrhal  states  of  the  respiratory  organs,  hemoptysis, 
and  the  Initial  stage  of  tuberculosis. 
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8ULPHATED,  CALCIC,  CHLORATED,  AND  SODIC  WATESa 
CAUAN    SPRING. 

This  spring  is  in  the  town  of  O'Donnell,  province  of  Tarlac. 

Special  indications, — Rlieumatism,  gout,  uric  diathesis,  catarrhs  of  the  genito- 
urinary organs,  neuropathic  diseases,  hysteria,  and  neuralgias. 
*  Common     indications, — Lymphatism,      scrofula,      chronic      gastro-intestina] 
catarrhs,  infarctions  of  the  ahdominal  viscera,  acid  dyspepsia,  wounds,  and 
ulcers. 


(From  Report  of  the  Taft  Pbilippine  Commission,  1900,  p.  186.) 

THE  BEHGTTET  SAHITABITnL 

•  ♦**•*« 

C. — Xinero-Kedioinal  Waters. 

The  reasons  justfying  the  framing  of  this  paragraph  have  already  been  set 
forth.  It  seems  most  natural  that,  In  talcing  up  the  study  of  a  climatological 
station,  the  principal  sources  existing  in  the  neighborhood  should  be  reviewed  or 
enumerated,  since  minero-medicinal  waters  are  valuable  curative  agents,  when 
properly  used,  in  many  diseases,  especially  in  such  as  are  of  a  chronic  cliaracter. 

Passing  over  some  springs  lately  discovered  in  the  bole,  or  bed,  of  the  Mota 
River,  in  the  Bued  Canyon,  the  sources  of  minero-medicinal  waters  in  the  dis- 
trict are  five  in  number,  situated  in  the  settlements  of  Galiano,  Itogon,  Tublay, 
Daclan,  and  Buguias.  The  Galiano  spring,  in  the  valley  of  Assin,  8  Icilomet^rs 
east  of  the  town  which  is  the  nearest  to  the  plains  of  the  province  of  Union,  is 
29  Ifilometers  from  Baguio  by  way  of  Trinidad.  The  Itogon  spring,  called 
**  aguas  de  Meabe,"  situated  in  the  valley  of  the  same  name,  is  18  kilometers 
from  Baguio.  The  Tublay  spring,  known  by  the  name  of  "  Salvadora,"  is  on  the 
left  bank  of  the  Mayorona  River,  3  kilometers  west  of  Tublay  and  14  from 
Baguio,  traveling  in  a  northerly  direction.  The  Daclan  spring  is  43  kilometers 
from  Baguio,  over  a  rugged  road,  and  the  Buguias,  76  kilometers  from  Baguio, 
in  the  same  direction  and  by  way  of  Trinidad. 

Of  the  foregoing  springs,  the  first  three  furnish  an  abundance  of  water  for 
bathing  purposes ;  the  two  last,  especially  the  Daclan  spring,  which  during  great 
droughts  is  wont  to  disappear  for  a  short  time,  are  not  so  copious.  All  of  them 
are  on  the  banks  of  some  river  when  not  found  in  the  bed  itself.  The  source  of 
the  Daclan  spring  is  sulphurous,  and  is  at  an  elevation  of  1,337  meters  above 
sea  level.  A  shed,  constructed  of  light  materials,  recently  built  in  the  valley  of 
Mayabe,  serves  as  a  decent  shelter  for  persons  who  need  to  use  the  waters  of 
the  Itogon  spring. 

All  these  waters  are  hyperthermic,  those  of  the  Galiano  spring  having  a  tem- 
perature of  76**  C. ;  of  the  Itogon,  86** ;  of  the  Tublay,  72" ;  and  of  the  Daclan 
and  Buguias  approximately  the  same  temperature.  All  of  them  are  also  sul- 
phydric,  this  element  forming  the  base  of  their  mineralization.  With  the  excep- 
tion of  these  two  conditions,  which  are  easy  to  appreciate,  we  will  pass  over  the 
composition  of  the  waters  of  the  Daclan  and  Buguias  springs,  as  it  is  unknown 
to  us.  The  Itogon,  Galiano,  and  Tublay  springs,  besides  being  thermal  and 
sulphydrlc,  are  salty.  This  similarity  In  the  composition  presents  no  other  than 
quantitative  differences,  except  that  the  waters  of  Tublay  are  sulphated  and 
those  of  Itogon  nre  blcarbonated  and  contain  iron. 

The  homogeneity  In  the  mineralizing  elements  and  the  uniform  thermality  also 
determine  the  homogeneity  in  the  prescribing  of  their  waters,  save  in  those  dis- 
eases which,  besides  the  balneo-therapic  conditions,  need  adequate  cllmatolc^cal 
conditions.  These  latter  may  be  found  varied,  dependent  upon  the  altitude — 
the  Galiano  thermal  waters,  252  meters  above  sea  level;  those  of  Salvadora, 
475;  of  Mayabe,  645;  and  of  Daclan,  1,335  meters.  The  temperature  of  the 
water,  when  the  latter  is  to  be  used  for  bathing  or  drinking  purposes,  should 
suffer  the  necessary  reduction.  Thus,  through  their  thermality  and  their  min- 
eralization, they  meet  the  therapeutic  requirements  in  such  diseases  as  der- 
matosis of  a  herpetic,  scrofulous,  and  syphilitic  nature ;  rheumatism,  paralysis, 
wounds,  visceral  swellings,  and  chronic  catarrhs  of  the  respiratory  and  digestive 
channels. 
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It  would  have  been  irregular  not  to  have  enumerated  the  foregoing  springs  of 
sulphuro-thermal  waters,  destined  to  render  excellent  service  when  the  means  of 
communication  shall  no  longer  offer  the  present  discomforts  in  a  country  where 
cutaneous  and  rheumatic  affections  abound.  On  the  other  hand,  the  fact  that 
the  minero-medicinal  waters  of  the  district  of  Benguet,  to  which  the  settlement 
of  Baguio  belongs,  are  very  highly  recommended  in  the  treatment  of  all  kinds  of 
wounds,  and  especially  wounds  produced  by  firearms,  justifies  their  incorpora- 
tion in  this  report. 


(From  Report  of  the  Philippine  Commlsslou,  1902,  part  1,  p.  358.) 
KIKEEAL  SPEINOS. 


The  best  known  medicinal  mineral  waters  in  the  Philippine  Islands  that  have 
been  analyzed  are  those  at  Sibul,  province  of  Bulacan;  Aguas  Santos,  at  Los 
Bafios,  province  of  Laguna;  Galas,  Laguna;  Boac,  Marinduque;  Tivi,  Albay. 
There  are  many  others  but  little  known  or  worthless  scattered  over  Luzon,  Min- 
danao, and  the  Visayas — for  example,  the  waters  of  the  little  spring  of  Mari- 
quina,  Manila ;  of  the  bongbongan  spring  in  Pasanjan,  Laguna ;  the  dilain,  of 
Novaliches,  and  many  more. 

The  waters  of  Los  Bafios,  the  analysis  of  which  we  have  before  us,  are  ther- 
mal, their  temperature  carrying  at  the  different  springs  as  follows : 


Spring  A 91 

Spring  B 63 

Spring  C 49 


Spring  D 38 

Spring  B 74 

Spring  P 41 


(From  the  Far  Eastern  Review,  December,  1904.) 

THE  CAVES  Ain>  MINEKAL  SPEINOS  OF  BULACAN. 

By  H.  D.  McCaskey,  Chief  of  Mining  Bureau,  Philippine  Islands. 

The  limestone  caves  of  Bulacan  deserve  rather  more  than  passing  mention. 
They  are  found  in  the  coral  rock  extending  through  the  province.  They  are 
formed,  it  is  hardly  necessary  to  state,  by  the  water  courses,  which,  originally 
flowing  through  the  fissures  of  the  rock,  dissolve  the  calcium  carbonate  and  so 
enlarge  the  passageway,  forming  immense  caverns.  The  dripping  of  the  im- 
pregnated waters  through  the  overlying  calcareous  formation  and  through  the 
roof  leave,  by  evaporation,  the  stalactites  hanging  from  above  and  frequently 
form  stalagmites  on  the  floor.  The  bottoms  of  the  caves  are  usi\ally  water- 
ways and  contain  pools  more  or  less  extensive,  and  they  are  frequently  streams 
with  pebbles,  sand,  and  mud.  The  tei^dency  of  the  waters  of  the  stream,  if  it 
be  swift,  is  to  dissolve  and  erode  and  so  to  enlarge  the  caverns;  if  it  be  slow,  to 
dissolve,  but  also  to  deposit  sediment;  and  the  tendency  of  the  percolating 
waters  is  to  form  stalactites  and  stalagmites  if  highly  impregnated  with  min- 
eral matter  in  solution  and  to  increase  the  width  of  the  fissures  and  opening  if 
but  lightly  charged.  Therefore  limestone  caves  may  remain  of  constant  dimen- 
sions, theoretically,  although  this  accident  of  the  equation  of  agencies  is,  of 
course,  very  rare,  or  they  may  be  constantly  or  intermittently  enlarging  or  be- 
coming filled,  depending  upon  the  relation  between  the  amounts  substituted  or 
removed. 

In  Bulacan  there  are  numerous  caves  from  San  Jos6  del  Monte  on  the  south 
to  the  Madlum  Cave  on  the  north.  They  are  all  of  similar  origin,  but  of  varying 
size.  The  most  famous  of  these  caves  is  the  historic  Biac-na-bat6,  which  gave 
its  name  to  the  treaty  of  1897  between  the  insurgent  and  Spanish  forces,  and 
which  was  an  almost  impregnable  fortress,  frequently  sheltering  large  bodies  of 
insurgent  troops.  The  peaks  of  Biac-na-bat6  rise  rugged  and  promin«it,  from 
the  plain  of  Bulacan.  The  cave  of  Madlum  is  shown  upon  the  sketch  map  of  the 
Sibul  of  San  Miguel  de  Mayumo.  There  are  two  caves  to  the  southeast  of  Nor- 
zagaray,  the  exact  locations  of  which  I  could  not  learn,  one  of  which  was  de- 
scribed to  me  by  Lieutenant  De  Court,  who  states  that  it  is  very  extensive,  con-- 
tains  deep  lakes  of  water,  and  is  the  home  of  thousands  of  bats,  which  fly  out 
in  such  vast  swarms  when  disturbed  that  the  visitt»r  must  protect  his  face  and 
body  from  them,  and  the  other,  described  by  my  guide,  Fajardo,  is  also  very 
extensive ;  but  it  is  never  visited  by  the  superstitious  natives,  who  believe  it  to 
be  haunted.    I  found  time  to  see  two  of  the  well-known  caves,  one  of  them  in 
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(Bxtract  from  House  Document  No.  20,  Plfty-eighth  Congress,  third  session,  p.  970.) 
PBECIOTTS  STONES  OF  THE  PHILIPPINE  ISLANDS. 

In  the  exhibit  of  the  Philippine  Islands  at  St  Louis,  Mo.,  there  are  a  number 
of  interesting  gem  stones.  Some  of  these  were  procured  by  the  collectors  sent 
out  by  the  Philippine  exposition  board,  the  rest  were  sent  to  the  exposition  by 
the  mining  bureau,  Manila.  But  little  is  known  of  the  localities,  no  data  accom- 
panying the  specimens. 

Mr.  Roy  C.  Hopping,  of  the  department  of  mines  of  the  Philippine  exhibit, 
describes  these  stones  as  follows: 

Wood  OpaL 

Wood  opal  is  found  on  the  mountains  near  Capas,  Tarlac  Province,  Luzon 
Island.  Capas  is  60  miles  north  of  Manila  on  the  Manila  and  Dagupan  Rail- 
road. There  is  a  large  suite  of  specimens,  gray,  yellow,  reddish  brown,  and 
black,  banded  and  mottled.  They  all  have  the  semiopal  glimmering  luster. 
One  specimen  of  white  petrified  wood  was  also  procured  at  Capas. 

Petrified  Wood. 

Petrified,  wood  occurs  In  the  district  of  Zamboanga,  Mindanao  Island,  the  land 
of  the  Moros.  Zamboanga  is  a  peninsula  on  the  west  coast  of  Mindanao,  about 
400  miles  south  of  Manila,  with  Borneo  250  miles  southwest.  The  suite  of 
specimens  is  white,  red,  and  gray,  one  very  striking  specimen  being  pure  white 
with  a  Jet  black  center. 

Wood  Jasper. 

Wood  Jasper  and  petrified  wood  is  found  at  Mauban,  Tayabas  Province, 
Luzon  Island.  The  specimens  are  large,  white,  porous  limbs  and  trunks  of 
trees,  and  heavy  sections  of  compact,  red  and  yellow  mottled  tree  trunks. 
Mauban  is  60  miles  southwest  from  Manila  on  the  opposite  coast,  a  mile  or  so 
inland  from  Lamon  Bay. 

Chalcedony,  Bine  Chert,  White  Agate,  Bmsy,  and  Vitreous  Quartzes. 

These  stones  are  found  associated  at  San  Miguel,  Bulacan  Province,  Luzon 
Island.  The  specimens  appear  to  be  pieces  of  large  nodules  and  geodes.  The 
chalcedony  is  clear,  translucent  gray,  the  chert  pretty  mottled  blue-gray,  and 
the  agate  white,  finely  lined  and  banded.  The  quartz  is  drusy  (lining  cavities) 
and  vitreous  crystalline,  of  the  cry ptocrystal line  varieties. 

Fossil  CoraL 

Fossil  coral,  siliceous,  beautifully  marked,  translucent,  and  white,  is  repre- 
sented by  one  specimen,  broken  from  a  weathered  clifiP  or  reef  at  San  Miguel. 
San  Miguel  Is  an  Inland  town  among  the  mountains  of  Bulacan  Province,  40 
miles  due  north  of  Manila,  and  its  important  mineral  industry  is  mining  and 
smelting  the  high  grade  steel  ores  which  occur  here  and  elsewhere  in  Bulacan. 
A  well-known  mineral  spring  is  at  Sibul  (Tagalog,  spring)  not  far  from  San 
Miguel.    The  water  contains  lime,  chlorine,  silica,  and  carbonic  acid  gas. 

Agate  Jasper,  Jasper,  and  Chalcedony. 

These  stones  occur  on  the  island  of  Panay,  about  200  miles  southeast  of 
Manila.  Most  of  the  specimens  are  rounded  bowlders,  mottled  red  and  yellow. 
One  specimen  of  clear  gray  chalcedony,  a  partial  nodule  In  green  dlorite,  comes 
from  Anlnly,  Antique  Province,  Panay. 
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Mr.  Hopping  also  quotes  the  following  from  an  article  by  Mr.  H.  D.  Mc- 
Caskey,  chief  of  the  mining  bureau,  published  in  the  Official  Qaxette  for  May, 
1904: 

"  With  the  exception  of  opal,  reported  from  Binangonan  in  Rlzal,  and  some 
very  small  rubies,  reported  in  the  headwaters  of  streams  flowing  into  the  ocean 
near  Mambulao  and  Paracale,  no  minerals  have  yet  been  identified  as  predow 
stones.** 

Mr.  Hopping  states  that  Binangonan  is  a  basalt  locality  quite  near  Manila, 
and  that  Paracale  is  the  center  of  the  best-known  gold  field.  The  island  of 
Mindanao,  the  most  probable  gem  field,  is  thus  far  almost  entirely  unexplored. 


(From  Report  Philippine  Commission,  1908,  part  2,  p.  666.) 
BAT  OTTANO. 

Large  deposits  of  bat  guano  are  found  on  several  of  the  islands,  generally  in 
caves.  With  a  view  of  determining  its  manurial  value  samples  of  the  guano 
have  been  submitted  to  the  bureau  of  government  laboratories  for  analysis.  A 
sample  from  Guimaras  Island  showed  a  very  low  content  of  nitrogen,  the  fer- 
tilizing element  giving  to  guanos  generally  their  chief  value.  It  contained  a 
fairly  large  percentage  of  phosphoric  acid  and  a  small  perceitage  of  potash. 
Rating  nitrogen  at  15  cents  a  pound,  phosphoric  acid  at  5  cents,  and  potash  at 
5  cents,  this  guano  has  a  fertilizing  value  of  about  $12.50  a  ton.  It  would  not, 
therefore,  bear  transportation  as  an  export,  but  would  be  valuable,  no  doubt,  for 
use  in  the  islands,  and  especially  in  the  neighborhood  where  located.  Its  value 
would  be  enhanced  if  mixed  with  cocoanut  cake,  candle-nut  cake,  cotton  seed,  or 
even  with  other  guanos  rich  in  nitrogen. 

A  sample  from  Mindoro,  which  was  analyzed,  contained  per  ton  of  2.O00 
pounds  about  140  pounds  of  nitrogen,  at  15  c^its,  $21 ;  8  pounds  of  pho^horic 
acid,  at  5  cents,  40  cents ;  and  15  pounds  of  potash,  at  5  cents,  75  cents ;  or  a 
total  value  of  $22.15  per  ton. 

This  guano  shows  by  analysis  to  be  nearly  equal  to  cotton-seed  meal  in  value. 
Mixed  with  the  guano  from  Guimaras  a  well-balanced  fertilizer  would  result 

None— See  also  pages  70,  76,  123,  178,  182,  186.  227. 


(From  The  Par  Eastern  Review,  March,  1907.) 
EXPE&nCEHTS  WITH  TALC. 

Mr.  George  Richmond,  of  the  chemical  division,  has  boBi  experimeiting  lately 
with  some  talc  brought  from  Ilocos  Norte  by  Mr.  Smith,  and  he  finds  that  much 
of  this  material  compares  very  closely  with  the  commercial  substance  known  as 
agalite.  Agalite,  or  fibrous  talc,  as  it  is  commercially  known,  is  extensively 
used  in  the  manufacture  of  paper.  Like  asbestos,  it  has  a  distinct  fibrous  struc- 
ture, which  property  causes  it  to  blend  well  with  the  vegetable  fibers  of  paper 
pulp  and  admits  of  its  retention  in  paper  without  the  great  loss  which  accom- 
panies the  use  of  sulphate  of  lime,  china  clay,  and  other  mineral  loading  ma- 
terials. 

According  to  the  statistics  of  the  New  York  state  geological  survey  for  1905 
there  were  produced  67,000  short  tons  of  fibrous  talc,  valued  at  $460,000,  an 
average  of  $7  per  ton.  Practically  the  entire  output  of  this  material  finds  its 
way  to  the  paper  mills.  JuQged  by  the  physical  properties  of  the  Ilocos  Norte 
substance  it  would  be  considered  a  very  good  quality  for  the  above-mentioned 
purpose.  It  grinds  well,  it  is  of  a  good  color,  and  is  especially  free  from  grit 
Analyses  of  the  Ilocos  Norte  material  and  the  standard  agalite  are  givai  below : 


Spedmen 
ezamised. 


Agirilte. 


Water  (loss  on  ignition). 

SIllca(8I0«) 

Alumina  (AlsOs) 

Iron(FeiOi) 

Ume(CaO) 

Ma«nesU(%0) 

SpjBciflo  gravity 


Percent. 

2.88 
57.62 

1.86 
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13.88 
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2.84 
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nrVESTIOATIONS. 

Mr.  W.  D.  Smith  has  Just  returned  from  Cebu,  where  he  spent  two  and  a  half 
months  making  a  geological  map  of  about  37  square  miles  of  territory  compris- 
ing the  Compostela-Danao-Oarmen  coal  fields  and  the  Acsubing  lead  deposits. 
In  the  latter  part  of  the  work  Mr.  €kx>dman  cooperated.  The  topographic  base 
map  for  this  work  was  executed  by  Messrs.  Goodman  and  Ickis. 

Mr.  M.  Groodman  spent  the  month  of  January  in  the  island  of  Marinduque, 
hivestigating  the  lead  and  other  deposits  on  that  island.  A  full  report  of  this 
work  will  be  given  in  the  next  number  of  this  department 

Mr.  Ickis  has  left  for  the  Paracale  and  Mambulao  districts,  Oamarlnes,  to 
make  a  preliminary  examination  of  the  gold  fields  and  to  obtain  data  regarding 
the  operation  of  the  new  dredge  recently  installed  by  a  New  Zealand  company. 

Mr.  Richmond,  of  the  chemical  division,  is  at  present  engaged  in  an  investiga- 
tion of  the  adaptability  of  the  Ilocos  Norte  mica  and  talc  for  use  as  loading 
materials  in  paper  making. 

Doctor  Cox,  of  the  chemical  division,  is  conducting  a  very  complete  investiga- 
tion of  the  black  sands  of  the  Philippines,  along  lines  similar  to  thoae  employ^ 
,by  Doctor  Day  of  the  Geological  Survey. 
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SALT. 


(Extract  from  the  Census  of  the  Philippine  Islands  for  the  Year  1903,  part  4,  p.  4G9.) 

Salt  is  produced  In  considerable  quantity  by  the  simple  process  of  evajwra- 
tion,  the  method  having  been  taught  the  natives  by  the  Chinese  prior  to  the 
advent  of  the  Spaniarda  Sea  water,  inclosed  in  a  depression  surrounded  by 
dikes,  is  evaporated  by  the  sun's  rays;  when  the  water  has  disapi;)eared,  the 
salt  deposited  on  the  floor  of  the  basin  is  gathered  up  by  the  native  workers  and 
cleaned  by  filtration  for  domestic  use  or  sale. 


(Extract  from  the  Report  of  the  Philippine  Commission  for  the  Year  1906,  part  2,  p.  3.) 
THE  "  SALT  ]Cnr£S  "  OF  TAKA  ISLAHB. 

Having  been  informed  that  there  existed  on  the  island  of  Tara,  in  tbe 
Calamianes  group,  an  extensive  salt  mine  from  which  a  large  part  of  the  salt 
obtained  in  the  Calamianes  Islands  was  derived,  I  touched  there  in  November, 
1904.  The  only  inhabitants  were  a  few  wild  and  apparently  naked  Tagbannas, 
who  fled  at  our  approach  and  hid  in  the  thickets,  where  we  could  not  find 
them. 

There  Is  no  real  "salt  mine"  on  Tara  Island,  but  there  is  an  extoisive 
basin  near  the  sea  into  which  salt  water  can  be  led  through  a  short  ditch  at 
the  time  of  the  highest  tides  of  the  year.  At  the  proper  time  pure  sea  water  is 
admitted  to  this  basin.  Communication  with  the  sea  is  then  cutoflP,  and  as  there 
is  very  little  inflow  of  fresh  water,  the  sun's  heat  suffices  to  cause  complete 
evaporation.  The  bottom  of  the  basin  is  some  15  feet  below  sea  level,  and 
when  evaporation  is  complete  there  remains  a  crust  of  salt  several  inches  thick. 

( Extract  from  the  Report  of  the  Philippine  Commission  for  the  Year  1906,  part  1,  p.  22S.) 

The  gathering  of  salt  in  the  towns  of  Cavite  Viejo,  Noveleta,  and  Bacoor 
during  the  months  of  February,  March,  April,  and  May  of  each  year  is  an 
Important  industry.  Fifty  thousand  cavans  and  upward  are  gathered  during 
that  period. 


(From  Report  of  Bureau  of  Customs,  1907,  p.  24.) 


Salt  was  exported  during  the  past  year  to  the  value  of  $4,280.  The  significant 
fact  in  connection  with  this  item  is  that  $3,950  worth  comes  from  the  port  of 
Zamboanga,  where  the  production  of  salt  is  a  new  but  steadily-growing  industry. 
Three  hundred  and  thirty  dollars'  worth  was  exported  from  Manila,  being  pre- 
sumably the  product  of  Malabon  evaporating  beds.  During  the  year  there  was 
imported  salt  to  the  value  of  $2,321,  a  trade  which  ought  to  be  in  the  hands  of 
the  local  producers ;  that  is  to  say,  of  Zamboanga. 

Salt  pays  a  duty  of  20  cents  per  100  kilos  when  crude,  and  50  cents  per  100 
kilos  when  ground,  powdered,  or  otherwise  manufactured,  and  the  fact  that 
Zamboanga  has  been  able  to  supply  its  local  needs  and  furnish  so  large  a 
surplus  for  export  would  seem  to  argue  that  the  rates  imposed  were  sufficient 
for  the  protection  of  the  local  producers. 

Note.— See  also  pages  8,  36,  42,  71,  122,  171,  187. 
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(Extract  from  House  Document  No.  20,  Fifty-eighth  Congress,  third  session,  p.  710.) 

PETEOLEUX. 

Crude  petroleum  Is  reported  to  exist  in  the  southern  portion  of  Luzon,  the 
western  portion  of  Panay,  the  central  portion  of  Negros,  and  in  a  numl>er  of 
other  islands  that  compose  the  group.  Some  of  them  are  worked  in  a  very 
crude  manner  by  the  natives.  As  yet  nothing  definite  in  the  way  of  developing 
these  resources  has  been  accomplished. 


(From  the  Far  Eastern  Review,  August,  1906.) 
on.  FIELDS  OF  TAYABAS. 

What  promises  to  be  one  of  the  greatest  oil  fields  of  the  East  has  been  discov- 
ered in  the  province  of  Tayabas,  in  the  southern  extremity  of  the  island  of 
Luzon.  It  has  long  been  known  to  the  natives  that  crude  oil  existed  in  this 
part  of  the  Philippines,  but  no  attempt  had  been  made  to  develop  the  outcrop- 
pings  under  the  Spanish  r^^gime.  It  remained  for  the  coming  of  the  American 
forces,  among  whom  were  men  thoroughly  familiar  with  the  oil  fields  of  Penn- 
sylvania and  Texas,  to  have  the  full  importance  of  the  new  field  recognized 
and  an  effort  made  to  carry  on  development  work. 

The  oil  lands  lie  in  the  Bayhay  River  Valley,  approximately  3J  miles  from 
the  port  of  San  Narciso  on  the  Ragay  Gulf  of  the  Tayabas  Peninsula.  The  oil 
as  it  was  first  discovered  was  observed  seeping  up  from  the  river  bed,  these 
outcroppings  appearing  in  many  places  on  the  surface  of  the  river.  Samples 
were  originally  obtained  by  impounding  a  small  place  in  the  river  bed  and 
digging  up  the  gravel  and  sand  inside  the  inclosure  and  then  skimming  the  oil 
off  with  a  tin  plate  or  other  small  dish.  MaJ.  J.  B.  Murphy,  of  the  Philippine 
constabulary,  one  of  the  parties  interested  in  the  claims  which  have  since  been 
filed  in  the  insular  mining  bureau,  has  taken  as  many  as  a  dozen  samples  in 
this  manner,  varying  in  size  from  a  quart  to  a  gallon  each,  as  the  result  of  a 
day's  work,  in  which  two  or  three  men  were  employed.  At  the  point  on  the 
Bayhay  River  where  these  samples  were  obtained  gas  bubbles  are  constantly 
rising  in  midstream,  bringing  an  efflorescent  film  of  oil  with  each  bubble  and 
throwing  off  a  strong  petroleum  odor.  Near  the  shore  line  opposite  this  point, 
about  20  feet  distant  from  where  the  samples  are  usually  gathered,  the  crude 
oil  may  be  obtained  in  solid  bubbles  by  simply  stirring  the  gravel  with  a  rod 
or  iron  bar.  On  first  arising  to  the  surface  the  oil  varies  in  size  from  a  small 
pea  to  a  drop  big  enough  to  fill  a  teaspoon,  the  color  varying  from  a  dark  green 
to  red. 

From  these  preliminary  prospects,  which  on  analysis  proved  tliat  the  indica- 
tions pointed  to  a  high  grade  of  oil,  the  interested  parties  have  pushed  forward 
their  work  on  a  more  extensive  scale.  The  Tayabas  Mutual  Oil  Association 
was  organized,  with  Mr.  E.  W.  McDaniel  as  managing  director,  and  prospecting 
work  carried  on  in  a  more  efficient  manner. 

Under  the  supervision  of  Mr.  McDaniel  drilling  has  been  commenced  and  a 
hole  sunk  to  the  depth  of  127  feet,  using  a  3i-Inch  by  2J-inch  by  S-foot  bit, 
operated  by  a  hand-power  spring  pole  and  duplex  block  attachment 

The  first  oil  sand  occurred  at  a  depth  of  62  feet  and  continued  through  6  feet 
to  a  depth  of  68  feet    From  this  strata,  using  the  mud  bailer  as  a  pump,  46 
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gallons  of  crude  oil  of  an  excellent  quality  was  secured  in  one  day*s  work,  and 
samples  sent  to  the  government  laboratory  at  Manila  for  analysis.  The  analysis 
is  given  at  the  conclusion  of  this  article.  Owing  to  the  crumbling  nature  of  the 
formation  above  and  below,  this  oil-bearing  strata  was  cased  out  and  the  well 
drilled  to  its  present  depth  of  127  feet  and  the  casing  extended  down  to  103 
feet  The  second  oil  strata  was  found  at  a  depth  of  117  feet  extending  down- 
ward 6  feet  or  to  a  depth  of  122  feet.  The  yield  of  oil  at  this  depth  was  prac- 
tically the  same  as  that  of  the  first  strata,  but  a  satisfactory  pumping  test 
could  not  be  carried  out  with  the  mud  bailer,  there  being  no  other  appliance  at 
hand. 

From  hydrometer  tests  made  in  the  field  by  Mr.  McDaniel  with  thermometer 
at  32*  C.  and  clear-water  specific  gravity  at  .999*  the  sample  of  crude  petro- 
leum from  the  62-foot  depth  showed  a  specific  gravity  of  .803.  A  sample  of 
petroleum  from  a  can  of  the  CJomet  brand  at  the  same  time  showed  a  specific 
gravity  of  .800^.  Sample  of  oil  from  the  127-foot  depth,  with  thermometer  at 
28*  C,  the  specific  gravity  was  .803  and  a  sample  of  petroleum  from  a  different 
can  of  the  Comet  brand  at  the  same  time  was  .801. 

An  analysis  of  the  oil  from  the  Bay  hay  field  (the  sample  being  taken  from 
the  62-foot  stratum)  made  by  the  bureau  of  science,  government  laboratory  in 
Manila,  during  April,  1906,  shows  the  following  report  on  analysis  of  crude 
petroleum.  Specific  gravity  of  original  sample  30*  fractional  distillation:  A, 
90*-150*  C.=6  per  cent  of  49*  Bl.;  B,  150*-300*  C.=67.5  per  cent  (B  refrac- 
tlonated) ;  B  I,  150*-185*  C.=20  per  cent  of  44*  BL;  B  II,  185*-250*  C.=2a5 
per  cent  35*  Bl.;  B  III,  250*-300*  C.=19  per  cent  of  27*  Bl.;  C,  fraction  not 
boiling  at  300*  C.  was  redistilled  in  vacuum  (6  to  8  mm.  pressure) ;  170*- 
300*  C.=23  per  cent  of  18*  Bl.  per  cent;  D,  residue  of  tar,  etc.=3  per  ceit 
(Signed,  Herbert  S.  Walker,  Analyst.) 

In  a  number  of  burning  tests  with  a  small  tin  lamp  without  chimney  or  globe, 
in  an  open  room,  the  lamp  holding  li  gills,  fitted  with  a  3  mm.  wick,  the  oil 
burned  for  six  hours  without  refilling. 

The  accessibility  of  the  field  and  the  absence  of  any  great  transportation 
problem  for  its  development  mark  It  as  a  most  desirable  enterprlsef  for  capital. 

The  field  is  in  an  unlnhabltated  part  of  the  country  and  may  be  reached  by 
boat  anchoring  off  Point  Bayhay,  Tayabas  Peninsula,  in  Ragay  Gulf,  and  pro- 
ceeding Inland  by  trail  4  miles  to  the  camp  house  and  well  near  the  southern 
boundary. 

There  will  be  no  unusual  or  difficult  features  to  be  encountered  in  the  bmla- 
ing  of  a  road  and  pipe  line  from  the  seacoast  to  the  Bayhay  oil  field.  The 
general  contour  of  the  valley  along  the  Bayhay  River  Is  fairly  level,  reaching 
an  elevation  in  the  vicinity  of  the  first  well  4  miles  from  the  seacoast  of  140 
feet  above  sea  level. 

The  river  which  passes  through  claims  carried  by  measurement  2^220  cubic 
feet  of  water  per  minute  during  the  rainy  season,  the  stream  being  In  a  normal 
condition.  Another  measurement  made  during  the  extrane  drought  of  1908 
measured  1,180  cubic  feet  per  minute. 

All  claims  that  have  been  registered  In  the  vicinity  are  situated  In  the  Baybay 
Itlver  Valley,  In  a  basin  2J  miles  In  length  by  one-half  to  1  mile  In  width;  the 
oil  crop  Is  well  toward  the  south  end  of  basin  between  first  and  second  range 
from  coast  of  Ragay  Gulf.  The  elevation  of  river  bed  at  oil  outcrop  is  140  feet 
measurement  made  by  compensated  aneroid  under  different  degrees  of  tempera- 
ture, 170  feet  being  the  mean  on  all  sides  of  basin  and  valley.  The  low  monn- 
tain' ranges  attain  an  elevation  of  five  to  nine  hundred  feet 

The  most  practical  route  to  reach  the  center  and  southern  point  of  the  field 
is  through  the  river  valley,  starting  at  a  point  on  Ragay  Gulf  about  500  feet 
east  of  mouth  of  Bayhay  River,  following  the  valley  through  mountain  pass  of 
first  range  foothills.  Either  road  or  pipe  line  may  be  constructed  very  easily 
and  at  moderate  cost  for  road.  Stone  ballast  Is  abundant,  the  ground  firm  and 
compact,  and  no  bridging  necessary,  the  banks  of  all  the  small  streams  being 
low  and  the  beds  firm.  CJonsiderable  timber  and  heavy  underbrush  is  found 
along  the  river  valley,  while  another  large  part  of  the  valley  is  covered  with  a 
tall  stiff  grass  from  3  to  8  feet  tall.  A  gravity  pipe  line  may  be  laid  very  easily, 
barely  necessitating  more  than  the  clearing  of  right  of  way  sufficient  to  handle 
structural  material.  Stone  and  timber  at  hand  may  be  had  for  cribbing  pur- 
I)ose8  In  Immediate  vicinity  should  an  inverted  siphon  not  be  desired  on  pipe 
line.    Anchorage  near  mouth  of  river,  1,500  feet  from  shore,  carries  3i  fiathoms. 
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(From  the  Far  Eastern  Review,  May,  1907,  p.  342.) 
OCCXTRBEHCE  OF  PETROLETTIC  IN  THE  PHILIPPIHE8. 

(Edited  by  the  Bureau  of  Science,  Manila,  by  Warren  D.  Smith.) 

Petroletim  has  been  found  in  three  places  in  the  archipelag(>--one  in  Tayabas 
Province,  the  other  two  on  the  island  of  Obu ;  one  near  the  center  of  the  island 
on  the  west  coast  not  far  from  Toledo,  the  other  near  the  southern  extremity, 
very  close  to  the  pueblo  of  Alegria.  At  Tayabas  and  at  the  first  named  locality 
in  Cebu  some  prospecting  by  means  of  boring  has  been  carried  on,  but  as  yet 
the  Alegria  field  remains  practically  unknown.  The  oil  In  all  three  of  these 
localities  Is  found  In  a  bluish  shale,  presumably  of  Tertiary  age.  Taking  up 
these  prospects  in  detail  we  shall  consider  Tayabas  first  on  account  of  Its 
proximity  to  Manila. 

Here  two  wells  have  been  sunk,  one  by  Mr.  Cyook  on  the  Vlego  River  (east 
coast),  which  Is  now  70  feet  deep,  and  on  the  Bayhay  River  Is  another  well 
belonging  to  a  different  company,  which  Is  130  feet  deep.  In  the  latter  well, 
which  Is  about  5  miles  from  the  coast,  the  yield  at  the  present  time  Is  about  50 
gallons  per  day.    The  well  has  a  5-lnch  bore  and  was  made  with  a  chum  drill. 

Prom  report  (no  representative  of  this  bureau  has  yet  visited  this  field) 
formations  In  this  region  consist  of  shale  beds  Inclined  at  an  angle  of  about  45* 
to  the  east  These  shale  beds  are  marked  by  having  along  the  bedding  planes 
thin  seams  of  broken  limestone,  from  one-fourth  of  an  Inch  to  2  Inches  In 
thickness,  and  where  these  seams  are  struck  there  Is  a  notable  Increase  In  the 
oil.  This  is  quite  natural,  as  the  shale  acts  as  an  lmi)ervlous  stratum,  confin- 
ing the  oil  so  that  when  one  of  these  fracture  zones  Is  encountered  oil  Is  found 
accumulated  there.  This  part  of  Tayabas  Province  is  practically  an  anticlinal 
or  anticllnorlum  with  a  limestone  of  unknown  thickness  forming  Its  crest.  It 
is  quite  probable  that  deeper  boring,  of  say  500  to  1,000  feet,  would  penetrate 
the  entire  thickness  of  the  shale  and  reach  a  formation  more  porous,  like  a 
sandstone.  In  which  the  oil  would  be  found  In  greater  quantities.  While  I  am  not 
at  liberty  to  publish  the  entire  analysis  which  was  made  on  a  sample  sent  In  by 
a  private  person,  I  can  say  that  the  oil  ap];)ears  to  be  of  a  very  good  grade.  It 
has  a  parafAn  base.  In  all  probability  very  like  the  Sumatran  oils,  which  also 
have  a  paraffin  base. 

In  Cebu,  near  the  town  of  Toledo  and  about  3  miles  from  the  coast  and  Just 
at  the  edge  of  the  foothills,  are  located  two  oil  wells,  the  first  to  be  sunk  in 
the  Philippine  Archipelago.  These  are  located  on  the  sugar  estate  of  Smith, 
Bell  &  Co.  These  wells  are  sunk  In  sbaly  strata  (In  all  likelihood  the  same 
formation  as  obtains  In  Tayabas)  to  the  depth,  respectively,  of  800  and  1,130 
feet.  Very  fair  shows  of  oil  have  been  reported  from  these  wells  In  former 
years,  but  at  present  all  operations  have  been  suspended  In  the  district.  In 
fact,  nothing  has  been  done  In  this  field  since  the  outbreak  of  hostilities  In  1897, 
and  when  the  writer  visited  the  field  he  found  the  wells  choked  up  with  abacfi 
stalks  and  other  refuse  material,  said  by  the  natives  to  have  been  the  work  of 
the  Insurrectos.  The  elevation  of  the  surface  of  these  wells  Is  75  feet  above 
the  sea  level.  There  Is  only  one  derrick  standing  now;  It  Is  approximately  60 
feet  high,  the  borings  are  3  Inches  and  the  casing  6  inches.  The  strike  of  the 
strata  is  north  83**  west,  dip  73**  to  the  south.  (These  figures  are  taken  from 
the  report  of  the  engineer  who  first  examined  the  field.)  The  drill  gear  and 
derrick  are  from  Messrs.  Islers,  London. 

About  a  mile  from  the  oil  well  is  an  outcrop  of  coal  which  In  former  years 
was  worked  to  some  extent,  but  now  Is  entirely  abandoned.  From  a  hasty 
reconnaissance  of  the  country  It  Is  my  opinion  that  the  strata  are  less  dis- 
turbed In  this  portion  of  the  Island  than  on  the  eastern  side  of  the  cordlllera 
or  to  the  south.  In  the  vicinity  of  the  Alegria  oil  field.  It  is  the  intention  of 
the  division  of  mines  to  undertake  a  more  detailed  survey  of  this  region,  with  a 
view  to  the  rapid  delimitation  of  the  coal  and  the  oll-bearlng  horizons,  after 
the  completion  of  the  present  work  In  the  Danao-Compostela  coal  fields,  but 
not  until  there  are  some  signs  of  returning  life  In  the  district  and  Interest  on 
the  part  of  capitalists. 

At  Alegria  the  oil  is  found  at  an  elevation  of  1,150  feet  up  the  Malbog  Creek, 
al>out  a  mile  and  a  half  in  a  straight  line  from  the  coast.  At  1,450  feet  a  bed 
of  poor  brown  lignite  Is  found.  The  strata  here  dip  eastward,  or  Into  the 
island,  being  quite  different  from  what  was  found  In  the  Toledo  field.  The  rock 
capping  on  the  surrounding  hills  Is  a  coralline  limestone  of  probable  Pliocene 
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age.  The  oil  bere  appears  to  be  identical  with  that  from  the  other  two  fields 
and  is  found  oozing  out  of  the  same  bluish  shale.  To  those  intending  to  ex- 
plore this  field  I  would  recommend  that  a  portable  drill  be  taken  Just  over  the 
dlyide,  about  half  a  mile  to  the  east  from  the  place  where  the  oil  at  present 
comes  to  the  surface,  to  a  point  where  the  topography  reaches  its  lowest  eleva- 
tion, as  the  oil  there  undoubtedly  is  moving  in  that  direction  through  the 
formation. 

From  a  geological  examination  of  these  two  fields  and  from  what  data  I  can 
get  on  the  Tayabas  country,  I  should  not  expect  that  any  of  these  fields  would 
support  more  tlian  half  a  dozen  wells,  as  there  seems  to  be  no  great  structural 
reservoirs  for  the  accumulation  of  any  great  quantity  of  petroleum.  Faulting 
and  folding  of  the  strata  is  the  rule  rather  than  the  exception  in  all  of  these 
areas,  and  they  are  of  such  a  nature  that  the  anticlines  and  synclines  are  not 
very  large  nor  are  they  likely  to  be  very  continuous. 

With  reference  to  the  likelihood  of  finding  oil  on  the  east  coast  of  Gebu,  I 
might  add  that  although  the  sedimentary  formations  are  the  same,  yet  a  great 
area  of  igneous  rock  which  occurs  there  would  cause  serious  interruption  to  tlie 
oil  reservoirs  or  possibly  preclude  the  formation  of  them  at  all.  The  connection 
between  coal  and  oil  deposits  in  Cebu  and  other  islands  of  the  group  leads  me 
to  think  that  in  time  oil  may  be  found  in  paying  quantities  in  many  other  parts 
of  the  archipelago. 


TAYABAS  on.  FIELDS. 

(From  the  Far  Eastern  Review,  June,  1907 — Illustrated  Philippine  Mining  Edition.) 

The  oil  fields  of  Tayabas  Province,  island  of  Luzon,  are  situated  on  the  Bahay 
Biver  valley,  near  San  Narciso,  on  the  bay  of  Ragay,  or  on  the  extreme  end  of 
the  peninsula  of  Tayabas,  and  can  be  reached  by  taking  steamer  at  Manila  for 
Oatanauan,  Tabayas,  approximately  200  miles  south  of  Manila,  and  then  by 
travel  overland,  or  preferably  in  a  sailboat,  to  the  oil  fields,  a  distance  of  prob- 
ably 60  miles. 

Quite  a  good  deal  of  development  work  has  already  been  done  by  the  several 
claim  holders,  especially  by  Messrs.  Tiklen  and  McDaniel.  Mr.  McDaniel  has 
drilled  a  hole  to  a  depth  of  127  feet,  over  a  hundred  feet  of  which  has  been 
cased  with  iron  pipe  4  inches  in  diameter. 

On  a  recent  trip  to  these  oil  mines  a  10-gallon  zinc  can  was  filled  with  the  oil 
standing  in  the  hole  above  mentioned  and  brought  back  to  Manila  for  testing 
purposes.  The  oil  in  this  pipe  is  simply  the  seepage  from  the  oil  sand,  the 
hole  not  yet  having  been  drilled  deep  enough  to  strike  the  main  reservoir 
owing  to  the  drilling  machinery  having  broken  down.  All  indications  point  to  a 
fair  quantity  of  oil  in  that  section  of  Tayabas  Province. 

Recently  Mr.  McDaniel  made  a  test  of  this  oil  just  as  it  was  brought  from  the 
oil  wells,  without  any  refining  process  whatever,  in  the  agricultural  bodega  of 
Castle  Brothers- Wolf  &  Sons,  in  Manila.  This  oil  was  used  as  a  fuel  in  a  Fair- 
banks-Morse engine,  known  as  the  **  Jack  of  All  Trades,**  the  test  lasting  four 
hours,  and  furnished  splendid  power  for  operating  machinery  during  that  time. 
This  statement  can  be  verified  by  Capt.  Thomas  Leonard,  Mr.  F.  N.  Bungey,  and 
Mr.  N.  E.  Thompson,  of  the  bodega,  who  were  present  during  this  test  This 
simply  serves  to  show  the  possibilities  of  Tayabas  oil,  which  also  contains  a 
large  percentage  of  illuminating  oil  and  has  been  tested  in  its  natural  state 
by  burning  it  in  a  small  tin  lamp  without  globe  or  chimney,  in  an  open  room, 
the  lamp  holding  1^  gills  and  burned  for  six  hours  without  refilling. 

t,  *****  * 

The  Bahay  oil  fields  are  easily  accessible,  and  the  best  of  water  transporta- 
tion is  available,  which  is  well  sheltered  from  storms  and  affords  good  protec- 
tion to  vessels.  A  road  and  pipe  line  can  easily  be  constructed  from  the  oil 
mines  to  the  sea  coast,  a  distance  of  about  two  and  one-half  miles,  the  eleva- 
tion being  something  like  130  feet,  which  is  amply  suflicient  for  the  laying  of 
a  gravity  pipe  line  from  the  oil  wells  to  the  coast,  very  little  clearing  of  brush 
and  trees  being  necessary. 

Oil  in  large  quantities  Is  certain  to  be  found  in  the  Bahay  River  valley  in 
Tayabas  and  will  undoubtedly  pay  good  dividends  on  capital  invested  in  this 
enterprise,  as  the  Philippines  alone  furnish  a  tremendous  field  for  the  con- 
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sumption  of  oil,  both  iliuminating  and  for  fuel  purposes,  particularly  in  furnish- 
ing power  for  operating  machinery.  Following  is  a  list  of  some  of  the  holders 
of  oil  claims  in  the  Bahay  River  valley,  Tayabas  Province:  B.  W.  McDaniel, 
Olney  Boudurant,  C.  G.  Cliflford,  John  H.  Finnegan,  B.  C.  Stelton,  George  K. 
Armstrong,  N.  O.  Noah,  Mills  Dean,  S.  W.  Tilden,  E.  M.  Wilcox,  J.  F.  Dresser, 
C.  Skatterbol,  Hardee  M.  Wyatt,  A.  Heise,  Harry  Milord,  Harry  Coleman,  T.  L. 
Hartigan,  M.  L.  McLaln,  H.  W.  Pickrell,  J.  C.  Muerman,  W.  W.  Weston,  MaJ.  J. 
B.  Murphy,  E.  W.  Ladd,  U.  8.  Vincent,  G.  W.  Parsons,  C.  J.  Cooke,  H.  L.  Beck- 
Jord,  8.  S.  Brown,  William  H.  Rookey,  M.  Herman,  Glenn  W.  Parks,  C.  A. 
Brinkley,  Claud  Dobbins,  Rufus  McCrea,  Charles  H.  Crooks,  A.  C.  Monks, 
William  Mason. 


(From  The  Far  Eastern  Review,  Jane.  1907 — Illastrated  Philippine  Mlninff  Edition.) 

PHTTiTTPINE  TIHBEB  FOE  MINING  OFESAHONS. 

Timber  and  water,  so  desirable  in  the  development  of  the  mining  Industry 
of  any  country,  may  be  said  to  be  pl^tlful  in  every  mining  district  of  the 
Philippines.  In  commenting  on  the  timber  available  in  the  different  mining 
regions,  Major  Ahern,  director  of  the  Philippine  bureau  of  forestry,  says : 

"  Many  valuable  native  woods  are  to  be  found  in  the  region  of  Angat,  Bula- 
can.  On  the  front  range  of  hills  where  the  Iron  mines  occur  the  forest  Is  not 
so  good  as  on  the  higher  hills  of  that  district 

"On  the  Islands  of  Pollllo  and  Batan  where  coal  occurs  there  is  plaity  of 
mining  timber,  and  these  regions  have  never  been  exploited  to  any  great  ex- 
tent 

"  The  timber  most  available  for  mining  purposes  in  the  province  of  Benguet 
is  the  Benguet  pine,  which  is  found  in  fair  quantities.  The  sapwood  of  Benguet 
pine  rots  easily  in  contact  with  the  ground,  and  stumps  of  young  trees  disap- 
pear in  three  or  four  years.  The  heartwood,  however,  lasts  fairly  well  in  the 
ground,  and  when  very  resinous  is  practically  Indestructible  by  fungi.  The 
resinous  hearts  of  the  old  pine  trees  are  used  by  the  natives  for  heavy  comer 
posts  of  their  homes.  Benguet  pine  can  also  be  found  in  fair  quantities  in 
the  province  of  Lepanto-Bontoc,  but  no  examination  has  been  made  as  to  the 
exact  amount  available. 

*'  Assuming  that  all  commercial  timbers  In  the  Islands  are  equally  available, 
the  following  timbers  could  be  classed  as  the  most  durable  for  mining  purposes : 

"  Ipll,  Molave,  Sasallt,  Betis,  Dungon,  Yacal,  Tlndalo,  Aranga,  and  Bacauan. 
Perhaps  the  most  accessible  and  abundant  wood  not  far  from  the  coast  is 
that  known  as  Bacauan.  This  includes  several  different  woods  found  in  the 
salt-water  swamps.  Besides  the  woods  referred  to  are  many  whose  durability 
Is  as  yet  unknown  and  may  prove  of  value." 

The  following  notes  are  extracted  from  the  Report  on  Forest  CondltionB  in 
the  Mining  Region  of  Aroroy,  Masbate,  by  Forester  H.  N.  Whltford : 

*<  Febbuabt  21,  1907. 

"In  all  Instances  the  mines  in  this  region  are  located  in  commercial  forests. 
Where  these  mines  are  situated  well  up  the  slopes,  they  are  within  easy  reach 
of  the  ridge  type  of  forest,  in  which  valuable  first-group  woods  are  found. 
Where  they  are  situated  in  the  lower-slope  type  of  forest,  the  most  accessible 
timbers  are  of  the  cheaper  grade.  All  the  timbers  that  have  been  cut  up  to 
the  present  time  are  within  easy  reach  of  the  tunnels  In  which  they  are  placed. 
In  one  mine,  Tamayuan  is  being  used  extensively  for  props  and  footings.  The 
trees  selected  are  usually  about  8  to  12  Inches  in  diameter.  Before  placing 
they  are  barked,  but  so  far  as  observed  no  attempt  has  be^  made  to  remove 
sapwood.  Indeed,  the  tree,  wh^i  mature,  is  seldom  as  large  as  15  Inches  in 
diameter,  so  that  the  removal  of  the  sapwood  would,  In  many  instances,  leave 
the  log  too  small  for  use.  In  this  mine  young  trees  of  all  timbers  in  the  vicin- 
ity are  used  for  siding,  especially  Lauan,  probably  because  it  is  most  abundant 
In  one  other  mine  no  attempt  has  been  made  to  select  timbers  for  proi>s  and 
footings,  all  being  used  indiscriminately  and  placed  at  once  after  cutting  in 
the  mines  without  barking. 

"  The  cuttings  in  the  vicinity  of  the  mines  are  not  extensive.  With  develop- 
mmt,  however,  the  demand  for  timber  will  be  Increased.  It  is  to  the  Int^est 
of  the  companies  to  utilize  tlie  timbers  to  the  best  advantage,  for  if  they  do 
not  do  so  they  will  soon  destroy  the  forest  within  easy  reach.  The  custom  of 
removing  <Hily  small  timbers  is  against  all  principles  of  silvicultural  manage- 
ment   It  means  the  destruction  of  a  crop  that  should  be  left  f6r  future  use. 
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The  mature  crop  should  be  cut  first  For  Molave  and  other  first-group  timber, 
the  minimum  diameter  limit  should  be  fixed  at  50  cm.  While  the  cutting  and 
preparation  of  large  timbers  may  entail  extra  expense  tliat  the  companies  are 
not  now  prepared  to  meet,  yet  as  soon  as  they  are  on  a  firm  financial  basis 
such  timber  should  be  utilized.  With  the  power  tliat  is  necessary  to  operate 
stamping  mills,  etc.,  they  could  easily  and  with  little  expense  install  a  saw- 
mill which  would  enable  them  to  handle  the  larger  trees,  the  waste  of  which 
could  be  utilized  for  fuel.  Such  a  step  taken  now  would  mean  great  ssTing 
in  the  future.    The  history  of  all  mining  regions  ^ows  this. 

"Timbers  are  necessary  for  two  general  classes  of  constroction,  viz:  ton- 
porary  and  permanent  Many  temporary  tunnels  are  run  in  the  dev^opment 
of  the  mines.  These  can  be  timbered  with  the  cheapo  woods,  among  wliicfa 
are  Lauan  and  Toog.  If  such  tunnels  prove  to  be  permanent,  the  timbers  can 
be  replaced.  Of  course  Molave  is  the  most  durable,  and  it  could  be  used  for 
footings  and  posts.  The  supply  of  Molave  is  limited,  however,  and  unless  it 
is  utilized  with  the  greatest  care  it  will  soon  be  exhausted.  The  same  can  be 
said  for  the  other  first  and  second  group  timbers,  such  as  Narra,  Tindalo,  and 
Dungon.  As  a  rule  these  timbers  should  be  saved  for  the  most  permanent 
structures,  as  posts  for  mills  and  other  buildings,  and  special  places  in  tun- 
nels. Tamayuan  appears  to  be  more  durable  than  any  of  the  cheaper-grade 
timbers,  but  if  used  exclusively  for  props,  etc.,  the  most  accessible  supply  will 
soon  be  exhausted.  Little  or  nothing  Is  known  of  the  comparative  durability 
of  the  remaining  timbers.  Two  of  the  most  promising  of  these  are  Toog  and 
I>ao.  Magalipac,  Marobo,  and  Lauan  are  much  softer  and  probUbly  much  less 
durable.  There  is  no  doubt  that  all  of  these  timbers  are  far  less  durable  than 
the  well-known  first  and  Ejecond  group  woods.  Experience  alone  will  tell  which 
are  most  suitable.  Amuguls,  Guijo,  and  Apitong  are  of  a  better  grade,  but  are 
limited  in  amount. 

•*  On  the  east  side  of  Barrera  Bay  there  are  two  areas  of  mangrove  swamps 
(mangles),  occupying  in  all  some  10  square  kilometers  (2,500  acres).  These 
lie  at  the  mouths  of  the  Gulnobatan  and  the  Lanang  rivers.  The  latter  Is 
most  extensive  and,  except  for  narrow  strips  along  both  margins  of  the  river, 
has  been  little  utilized.  The  Philippine  Mining  (Company  uses  exclusively  the 
wood  of  this  swamp  as  firewood  for  their  dredging  engine.  The  species  princi- 
pally used  Is  Bruguiera  parviflora  and  W.  A.,  known  locally  as  Jangaray.  The 
wood  Is  cut  at  a  contract  cost  of  ^2.25  per  cord  and  is  transported  In  a  barge 
a  distance  of  about  5  kilometers  for  W.25  per  cord.  This  makes  a  total  cost 
of  M.50  per  cord.  Two  cords  of  this  very  excellent  wood  will  supply  the  en- 
gine with  fuel  for  one  day  (20  hours). 

**  On  account  of  lack  of  time,  no  attempt  was  made  to  estimate  the  number 
of  cords  per  acre.  Until  such  an  estimate  Is  made  no  accurate  information 
can  be  given  about  the  number  of  cords  of  wood  In  this  mangle.  However,  it 
can  be  stated  that  at  the  present  rate  of  cutting  the  present  crop  this  excellent 
wood  supply  will  last  a  great  many  years.  Reproduction  is  excellent,  and  long 
before  the  present  area  can  be  cut  over  sufl!cient  time  will  have  elapsed  to  re- 
stock the  first  cut-over  arens.  The  danger  lies  In  cutting  too  closely  the  forest 
within  ensy  reach  of  water  transportation.  As  the  edge  of  the  cuttings  Is 
pushed  back  from  the  banks  of  the  streams  and  large  esteros,  the  difficulty  of 
transportation  will  be  Increased.  Although  not  thoroughly  investigated.  It  is 
believed  that  the  area  within  Immediate  reach  of  the  waterways  is  so  large 
that  a  Judicious  selection  of  mature  timber  will  bring  about  a  rotation  of  crops 
that  will  keep  the  cutting  area  Indefinitely  within  easy  reach,  so  that  all  fire- 
wood can  be  cut  and  loaded  on  boats  with  little  or  no  land  transportation.  To 
be  sure,  mangrove  swamps  are  so  Interlaced  with  tidal  channels  that  the  entire 
body  of  timber  Is  no  great  distance  from  the  water's  edge,  but  many  of  these 
channels  are  too  small  to  allow  the  entrance  of  barges.  The  extra  handling  of 
the  wood  along  such  channels  will  add  materially  to  the  cost  It  Is,  therefore, 
to  the  Interest  of  the  company  to  so  conduct  their  cutting  operations  as  to  avoid 
this  extra  handling. 

"  The  ore  region  is  some  distance  from  the  navigable  portions  of  the  rivers 
that  run  through  the  mangrove  swamps  (see  map).  Whether  or  not  they  use 
the  excellent  firewood  of  mangle  or  the  poor  quality  of  fuel  in  the  timber  at 
hand  depends  entirely  upon  the  cost  of  transportation  of  the  former.  Mr. 
Eveland  states  that  the  Eastern  Mining  Company  pays  W  a  cord  for  mangle 
wood  delivered  at  the  mine.  The  Mount  (Uogran  Company  is  depending  entirely 
on  the  softer  woods  found  nearest  the  source  of  consumption.  This  is  mostly 
Lauan. 
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"  It  l8  a  well-known  fact  that  timbers  of  equal  quality  will  last  much  longer 
in  temperate  than  in  tropical  regions.  This  is  due  to  the  devastating  action 
of  the  white  ant  and  fungous  growth.  The  former  is  not  present  in  temperate 
regions ;  and  because  of  the  continuous  warmth  and  almost  continuous  moisture, 
fungi  are  more  destructive  in  the  tropics.  While  it  is  true  that  there  are  few 
timbers  like  Molave  that  will  last  longer  in  tropical  conditions  than  the  best 
timbers  of  temperate  zone,  yet  most  of  the  tropical  timbers  are  exceedingly 
rapid  In  decay.  However,  these  same  timbers,  if  used  in  similar  situations  in 
temperate  zones,  would  probably  last  as  long,  if  not  longer,  than  many  of  the 
woods  used  there.  This  goes  to  show  that  the  tropical  miner  can  not  expect 
the  common  timbers  that  are  placed  in  his  mines  to  last  as  long  as  his  expe- 
lience  in  temperate  regions  has  seemed  to  teach  him  they  should  last.  Many 
of  the  timbers  now  thought  to  be  of  little  value  would  probably  outlast  the 
common  trees  of  temperate  zones  in  exactly  the  same  conditions. 

''Arrangements  have  been  made  with  three  mining  companies  in  the  Aroroy 
district  to  label  timbers  placed  in  their  mines,  in  the  construction  of  mills,  etc., 
80  that  they  may  be  examined  at  some  future  period  as  to  their  durability." 

The  following  notes  are  extracted  from  Report  on  the  Forests  of  Danao, 
Cebu,  and  timbers  used  by  the  Insular  Coal  (Company,  by  Forester  H.  D. 
Everett,  February,  1907: 

"  Much  timber  was  used  in  the  coal  mines  in  former  times  in  the  form  of  ties 
for  the  tramway  leading  from  CamansI  to  Danao,  In  Cebu,  and  in  the  form  of 
posts,  caps,  and  lagging  for  the  tunnels.  The  company  which  operated  the 
mines  in  Spanish  times  in  the  majority  of 'ca^es  used  the  most  durable  timbers 
of  the  first  group  for  the  tramway  and  tunnels,  such  as  Molave  and  Tindalo. 
Most  of  the  timber  used  in  the  Compostela  mines  was  placed  in  the  years  1895 
and  1896.  They  are  mostly  Molave,  Tindalo,  Yacal,  and  Narra,  with  a  few  of 
the  inferior  or  llttle-known  species,  which  grow  in  the  neighborhood.  The 
lagging  was  poles  of  Datilis  or  Caballero.  Some  of  the  old  tunnels  are  now 
being  cleared  out  and  new  timbers  put  in  where  the  old  ones  are  no  longer 
serviceable.  Thus  far,  in  the  Enrique  Abel  la  tunnel  not  more  than  40  per  cent 
of  the  old  posts  and  caps  have  been  removed.  Many  of  the  Molave  timbers 
are  found  to  be  perfectly  sound  after  about  twelve  years*  service. 

**An  examination  was  made  of  several  specimen  sections  which  were  taken 
from  the  ends  of  the  old  posts  and  caps  where  the  timber  was  in  contact  with 
the  soil,  with  the  following  results:  Tindalo  and  Molave  posts  somewhat 
affected  but  fairly  sound ;  Betis  posts,  good  condition ;  Guijo,  Bogo,  and  Nlpot- 
nipot  posts,  badly  rotted. 

**  The  timbers  from  which  the  above  results  were  obtained  were  placed  in  the 
mines  during  the  period  from  1895  to  1897.  In  general,  the  caps  are  sooner 
affected  by  decay  than  the  posts. 

"  In  the  Camansi  mines  a  large  proportion  of  the  inferior  or  little-known 
woods  of  the  locality  were,  used,  some  of  which  proved  very  durable  and  were 
almost  as  durable  as  Molave  for  the  purpose  for  which  they  were  intended. 
Some  of  these  Inferior  woods  are  Taguilumboy,  Hambabae,  Putian,  Caniunga- 
yon,  Mata-mata,  and  Amahuyam,  all  of  which  have  proven  fairly  satisfactory. 

"The  conditions  affecting  the  durability  of  mine  timbers  are  different  from 
those  affecting  an  harigue  or  other  timber  exposed  to  light  and  air.  The  mining 
timbers  are  in  almost  complete  darkness,  are  constantly  dripping  with  moisture, 
and  are  covered  with  a  slime.  The  air  inside  the  tunnels  is  heavy,  hot,  laden 
with  moisture,  and  varies  little  in  temperature.  Except  at  the  entrance  to  the 
tunnels,  the  Anay  Is  said  not  to  work,  and  no  injurious  work  of  insects  was 
olmerved  in  the  old  timbers;  consequently  conditions  are  not  such  as  to  cause 
the  most  rapid  decay,  though  favorable  to  the  growth  of  destructive  fungi. 

"  The  timbers  used  in  the  mines  at  present  are  in  the  form  of  posts,  caps,  and 
lagging.  For  each  100  meters  of  tunnel  are  used  340  posts,  170  caps,  and  about 
7,000  short  stakes  for  lagging,  having  an  approximate  volume  for  posts  and  caps 
of  about  120  cubic  meters.  The  wood  used  for  lagging  Is  a  small  stem  of  the 
Datilas  or  Caballero,  a  brushwood  growing  in  thickets  near  streams. 

**  A  coal-mining  operation  on  a  fairly  large  scale  would  run  about  1,500  meters 
of  tunnel  per  year,  which  would  require  about  300  cubic  meters  of  timber  for 
posts  and  caps,  exclusive  of  the  timber  for  the  tramway  and  for  general  con- 
struction. Since  the  company  is  now  working  on  a  small  scale,  clearing  out 
old  tunnels  and  starting  a  few  new  ones,  only  a  small  amount  of  timber  is 
required.  This  demand  can  be  supplied  by  the  neighboring  forests  for  awhile, 
but  as  soon  as  the  operations  are  increased,  and  J.  G.  White  &  Ca  also  com- 
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mence  extensive  operations,  it  will  be  necessary  to  secure  timbers  from  other 
source& 

'*  The  Dungula  growing  on  the  tract  of  the  Insular  Lumber  Company  should 
be  an  excellent  mine  timber.  The  lumber  company  are  now  cutting  it,  and 
from  time  to  time  a  steamer  load  might  be  secured. 

"Only  further  experience  and  observation  will  prove  the  suitability  and 
durability  of  the  many  little-known  timbers  of  the  islands  for  mining  purposes. 
Some  of  these  will  undoubtedly  prove  very  satisfactory. 

"  It  is  probable  that  in  time  it  will  be  practical  and  advisable  to  treat  mine 
timbers  with  preservatives,  thus  enabling  the  use  of  the  more  abundant  and 
cheaper  kinds.  Painting  timbers  with  preservatives,  or  giving  the  timber  an 
op&i-bath  treatment,  will  be  found  the  cheapest  method.'* 


LIST  OF  BOOKS  AHD  PAPEBS  ON  PHUIPPIHE  OEOLOOT. 


(From  Report  on  the  Geology  of  the  Philippine  Islands  by  George  F.  Becker. — Extract  from 
the  Twenty-flrst  Annual  Report  of  the  Survey,  1899-1900,  Part  III. — General  Geology, 
Ore  and  Phosphate  Deposits,  Philippines.) 

In  the  following  list  titles  have  been  given  somewhat  fully,  to  facilitate 
reference,  particularly  at  a  distance  from  great  libraries.  In  the  preparation 
of  this  report  all  of  the  papers  here  listed,  except  one,  have  been  consulted 
at  first  hand  or  in  complete  reprints,  and  I  know  of  no  other  works  of  any 
value  on  the  subject  except  two  or  three  mine  reports.  In  the  text  a  num- 
ber of  works  are  referred  to  which  deal  with  Malaysian  geology,  but  not  with 
that  of  the  Philippines.  Of  these  only  Hochstetter,  Posewitz,  and  Martin  are 
catalogued  here.  The  volume  of  Posewitz  on  Borneo  makes  an  excellent  intro- 
duction to  Malaysian  geology. 

It  should  be  noted  that  when  a  Spanish  writer  uses  a  double  surname  the 
latter  is  his  mother's  maiden  name.  The  matronymic  is  not  always  employed ; 
for  instance,  Centeno  sometimes  adds  "  y  Garcia  "  to  his  patronymic,  but  more 
often  omits  it  If  in  citations  only  one  name  is  used,  it  must  be  the  first  and 
not  the  second. 

1574.  RiQUEL  Hernando.    Very  true  and  certain  account  of  that  which  has 
newly  been  known  of  the  new  islands  of  the  West,  and  of  the  discovery 
which  they  mention  of  China,  which  was  written  by  H.  R.  secretary 
of  the  governor  of  them.     Seville,  Barrera,  1574.     Broad  sheet 
In  English  trans,  of  Morga,  Sucesos,  app.  4,  p.  389. 

1609.  MoRQA,  Antonio  de.  Sucesos  de  las  islas  Filipinas,  Mexico,  en  casa  de 
Geronymo  Bahi,  ano  1609.  Por  Comelio  Adriano  Cesar.  4*.  10  p.  1. 
and  172  leaves. 

This  rare  book  may  be  seen  in  the  library  of  Harvard  College. 

1698.  Gaspab  de  San  Avgvstin.  Conquistas  de  las  islas  Philippinas  [sic] ;  la 
temporal  por  las  armas  del  Se&or  Don  Phelipe  [sic]  segundo  el  pru- 
dente  y  la  esplritval,  por  los  religiosos  del  orden  de  nuestro  padre 
San  Augustin;  fvndaclon,  y  progressos  de  sv  provincia  del  santissimo 
nombre  de  Jesus.  Parte  primera.  Madrid,  Mvrga,  1698.  f*.  544 
pages ;  index  and  preliminary  matter  not  paged. 

1702.  Juan  de  la  Concepci6n.  Historla  general  de  Philipinas  [sic].  Sampaloc, 
Morlano,  1792.    Sm.  4^    14  v. 

Great  eruption  of  Taal  in  1754  described,     v.  13,  pp.  346-360. 

1803.  Martinez  de  Zt^iOA,  JoaquIn.  Historla  de  las  islas  Philipinas.  Sampa- 
loc, Arglielles,  1803.    8*.    iv,  687  pp. 

1814.  Mabtinez  de  Zt^oA,  Joaquin.  Historical  view  of  the  Philippine  Islands; 
trans,  from  Spanish  original  of  1803  by  John  Maver.  Ix>ndon,  1814. 
8%    2  vols. 

1817.  HoRSBtTBGH,  James.  The  India  directory,  or  directions  for  sailing  to  and 
from  the  East  Indies.    2d  ed.    London,  1817. 

Philippines,  p.  328,  where  the  volcanoes  of  the  Babuyanes  are  mentioned. 

1825.  BucH,  Leopold  von.  Physical Ische  Beschrelbung  der  Canarischen  Inseln. 
Berlin,  Academle,  1825.    4^ 

Philippine  volcanoes,  pp.  .376-378. 

There  is  a  French  translation,  Paris,  Levrault,  1836,  8*,  In  which  the  pas- 
sage relating  to  the  Philippine  Islands  begins  p.  437. 

1829.  Chamisso,  A.  von.    Bemerkungen  nnd  Ansichten  auf  der  Ehitdeckungsreise 
von  O.  V.  Kotzebue.    1829. 
I'hilipplnes,  v.  3,  p.  02. 
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1829.  HoFMANN,  Ebnst.  Geognostische  Beobachtung^i  aufgestellt  aaf  elner 
Reise  um  die  Welt  in  den  Jahren  1823  bis  1826  unter  dem  Befehl  .  .  . 

von  Kotzebue. 

In  ArchlT  fdr  Mlneralogie,  Geognoeie,  Bergbao,  and   Hflttaikimde,  too 

C.  J.  B.  Karsten.  Berlin,  1829.    8'.    t.  1,  pp.  243-316. 
Philippines,  pp.  312-315,  in  whlcb  Taal  and  other  Tolcanlc  masses  are 
described. 

1832.  Bkbohaus,  Heinrich.  (}eo-hydrographiscbes  Memoir  zur  ErkULmng  nnd 
Erl&uterung  der  reducirten  Karte  von  den  Pbllippinen  und  den  Sulu- 
Insehi  (No.  13  von  Bergbaus*  Atlas  von  Asia).  Gotba,  Pertbes,  1832. 
4'.    114  pp. 

1835.  Mkyen,  F.  J.  F.    Reise  um  die  Erde  .  .  .  auf  dem  .  .  .  Scbiffe  Prinzes 
Lovise  in  den  Jabren  1830-1832.    Berlin,  Sander,  1835.    4*. 
Philippines,  2d  part,  p.  237. 

1841.  Sainz  de  Baranda.    Constituci^n  geogn6stica  de  las  Islas  Filiplnas. 

In  Anales  de  Minas,  MadHd,  1841.    8**.    t.  2,  pp.  197-212. 

Volumes  1  to  4  of  this  Journal  are  In  the  library  of  the  Museum  of  Com- 
parative Zoology,  Cambridge,  Mass.,  and  no  more  were  published.  Thej 
contAln  no  other  papers  by  this  author. 

1843.  Delamabche.    On  Taal  Volcano  in  1842. 

In    Comptes    Rendus  .  .  .  Academic    des    Sciences,    Paris,    1843.       4*. 


V.  16,  p.  756. 

ubstantially  the  same  account  by  Delamarche  Is  prl 
8ocl6t6  de  gtegraphle  de  Paris,  v.  19,  1843,  p.  79. 


Substantially  the  same  account  by  Delamarche  is  printed  in  Bulletin  de  la 


1844.  Chevalieb,  E.    Voyage  autour  du  Monde,  ex^ut^  pendant  lee  ann^es  1896 

et  1837  sur  la  corvette  "  La  Bonite.'"  G^iogie  et  Min^ralogie.  Paris. 
1844.    8'. 

Chapter  IX,  pp.  231-256,  deals  with  the  geology  of  Mariveles,  Manila,  and 
Laguna  de  Bai 

1845.  ITIEB,  Jules.     Fragment  d*un  Jonrnal  de  voyage  anx  lies  Pbilippines. 

In  Bulletin  8ocl6t4  de  g^ographie,  Paris,  1846.     8».     s.  3,  v.  5,  pp.  865-389. 

1846.  Bxtrait  d'une  description  de  Tarcbipel  des  ties  Solo. 

In  Bulletin  de  la  8ocl«t6  de  g^graphle,  Paris,  Bertrand,  1846.     8«.     s.  3, 
v.  5,  pp.  311-319. 

1840.  Dana,  J.  D.  U.  S.  Exploring  Expedition  during  tbe  years  1838-1842,  under 
the  command  of  Charles  Wilkes,  U.  S.  N.  4*.  v.  10,  Geology.  PbiU- 
delpbia,  Sherman,  1849. 

Philippines,  pp.  539-548. 

1860.  Buzeta,  Manuel,  and  Bravo,  Felipe.    Diccionarlo  geogr&fico,  estadfstico, 
historico  de  las  islas  Fllipinas.    Madrid,  Pefia,  1850.    8*.    2  v.     (Half- 
title  gives  date  of  1851.) 
1851.  Hebnandez,   Antonio.    Report   on   copper   in   tbe  district   of   Lepanto 
[Spanish]. 

In  Reviata  minera,  Madrid,  v.  2,  1851.     8«.     pp.  112-118. 

This  is  much  less  detailed  than  Santos's  paper  of  1862  on  the  same  sobject. 

1855.  HuEBTA,  F.  de.  Estado  geogrilfico,  topogrftflco,  estadlstico  de  •  .  .  las  islas 
Filiplnas.     Manila.  1855. 

Geological  notes  passim. 

1855.  La  Giboni^be,  P.  de.  Aventures  d*un  gentilbomme  breton  aux  flee  Philip- 
pines, avec  un  apercu  sur  la  g^logle,  etc.    Paris,  Lacroix-Comon,  1855. 

8^ 

Contains  only  loosely  stated  reports  of  no  value.     His  communications  to 
Perry  are  no  better. 

1858.  Humboldt,  A.  von.     Kosmos.     Stuttgart,  Ck)tta,  1858.    8*.    4  v. 

Philippines,  v.  4,  pp.  404^09. 

1859.  Hochstetteb,  F.  von.     Schreiben  an  A.  von  Humboldt 

In  K.-k.  Akademie  der  Wissenschaften,  Sitzungsberichte.     Wlen,  1869.     8*. 

V.  36,  pp.  121-141. 
This  is  a  report  on  the  volcanoes  visited  during  his  cruise  in  the  Novant, 

Luz6n,  pp.  130-138. 

1860.  Pkbby,  Alexis.    Documents  sur  les  tremblements  de  terre  et  les  pb^ 

nomdnes  volcanlques  dans  Tarcbipel  des  Philippines.  4tb  part.  Ebc- 
trait  des  Annales  de  la  Soci^t^  d*^mulation  des  Vosges,  v.  10,  3d  part, 
1860.    8*^    110  pp.,  1  map. 

1861.  Sempeb,  Cabl.    Reise  durch  die  nord5stlichen  Provinzen  der  Insel  Lnz6n. 

In   Zeitscbrift    fUr    allgemeine    Krdkunde,    neue    Folge,    vol.    10,    Berlin, 

Reimer,  1861.     S*.     pp.  24»-266.  • 

On  this  Journey  Semper  collected  Important  Miocene  fossils  near  Mlnanga. 

1862.  Richthofen,  F.  von.    Vorkommen  der  Nummulltenformation  in  doi  Pbl- 

lippinen. 

In  Zeitschrlft   der   Deutscben    geologlschen   Oesellschaft,    Berlin.    Herts. 
1862.     8^     V.  14,  pp.  357-360.  •,  -^  v-. 
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1862.  Santos,  Joat  MABfA.  Infonne  sobre  las  miuas  de  cobre  de  lad  rancherfas 
de  Mancayan,  Suyuk,  Bumucun  y  Agbao  en  el  Dlstrlto  de  Lepanto,  Isla 
de  Luz6ii  de  las  Fillpinas.  Manila,  Press  of  the  College  of  Santo  Tom&s, 
1862.    8^    72  pp. 

1862.  Sempeb,  Cabl.    Reise  durch  die  n5rdlichen  Provinzen  der  Insel  Luz6n. 

In  Zeitschrlft  fttr  allgemelne  Erdkunde,  neue  Folge,  v.  13,  Berlin,  Reimer, 

1862.     8^     pp.  80-96. 
This  paper  deals  with  northwestern  LusCn  and  the  raised  atoll  of  Ben- 

guet. 

1866.  HocHSTETTEB,  F.  VON.  Relse  der  osterreichischen  Fregatte  Novara  um  die 
Erde,  geologlscher  Theil.    Wien,  Government,  1866.    4*.    v.  2. 

This  volume  contains  nothing  about  the  Philippine  Islands,  but  gives 
author's  divisions  of  the  Tertiary,  p.  149. 

1868.  MoBOA,  Antonio  de.    The  Philippine  Islands   .    .    .   Translated  from  the 

Spanish   .    .    .   by  H.  E.  J.  Stanley.     London,  Hakluyt  Society,  1868. 

8°.    XXX,  413  pp. 

This  is  a  translation  of  Sucesos  de  las  Islas  Fillpinas.  It  contains 
some  appendices  of  value. 

1869.  Sempeb,   Cabl.     Die   PhlUpplnen    und   Ihre   Bewohner;    sechs    Skizzen. 

Wttrzburg,  Stuber'sche  Buchhandlung,  1869.    8°.    143  pp.,  1  map. 

These  interesting  lectures  deal  with  volcanoes  and  coral  reefs,  besides 
other  matters.  In  the  appended  notes  is  included  the  author's  paper  on 
the  coral  reefs  of  the  Pelew  Islands,  from  Zeitsch.  f.  wiss.  Zool.,  v.  13, 
pp.  563-569. 

1869.  Zebbeneb,  Cabl.  Nachrlcht  fiber  eine  Anzahl  aus  verschledenen  Gegenden 
der  Erde  bel  mlr  elngegangener  interessanter  Mineralien. 

In  Berg-  und   Htlttenmiinnische  Zeltung,  Leipzig,  Felix,   1869.     4^     pp. 

105-106. 
In  this  paper  copper  ores  from  Mancayan  are  described. 

1873.  Jagob,  F.  Reisen  In  den  Phillpplnen.  Berlin,  Wledmannsche  Buchhand- 
lung, 1873.    8°.    xvi,  381  pp.,  1  map. 

This  very  important  work  contains  among  the  appendices  the  papers  of 
Roth  and  Vlrchow  catalogued  separately.  An  English  translation  exists, 
but  is  said  to  be  bad.  and  to  omit  the  appendices.  There  is  also  a 
Spanish  translation,  which  I  have  not  seen. 

1873.  Roth,  Justus.    Ueber  die  geologlsche  Beschaflfenheit  der  Phillpplnen. 
In  Jagor,  F.,  Reisen,  1873,  op.  33.3-354. 

This  paper  includes  moi^  of  the  essential  facts  known  at  the  time  it  was 
written,  and  contains  Roth's  discussion  of  Jagor's  llthologlcal  collection, 
with  some  paleontological  notes  by  E.  von  Martens. 

1873.  ViBCHOW,  Rudolf.     Ueber  alte  und  neue  SchUdel  von  den  Phillpplnen. 

In  Jagor^  p.,  Reisen,  1873,  pp.  355-377. 

This  paper  discusses  particularly  the  Negritos.  Vlrchow  has  since  pub- 
lished other  papers  on  the  Philippine  races,  which,  however,  are  scarcely 
geological.  See  2^1tschrlft  fUr  Ethnologic,  v.  15,  1883,  p.  465; 
Sitzungsberichte  der  K.  preussischen  Akad.  der  Wiss.,  Berlin,  1897, 
p.  279 ;  ibid.,  1899,  p.  14,  etc. 

1874.  Dab  WIN,  Chables.    Structure  and  distribution  of  coral  reefs.     3d  ed.. 

New  York,  Appleton.  1889.    8°. 

Philippines,  p.  180,  where  Cuming's  observations  are  recorded,  and  map. 

1874.  MiNABD, .    Sur  les  glsements  d*or  de  Philippines. 

In  Bulletin  Soci6t4  gfologique  de  France,  Paris,  the  Soc,  1874,  s.  3,  v.  2, 
pp.  403-406. 

1876.  Mendez  de  Vigo.    Historla  geogrdflca,  geoKiglca  y  estadlstlca,  de  Fillpinas. 
Manila,  1876.    8**.    2  v.,  maps. 
Geological  notes  passim. 

1876.  Centeno  y  GaboIa,  Joat,  Mlnlsterlo  de  Ultramar.  Memorla  geol6glco- 
mlnera  de  las  islas  Fillpinas.  Madrid,  Tello,  1876.  8".  viii,  64  pp., 
1  map. 

This  appeared  separately  and  also  in  Boletin  de  la  Comisi6n  del  Mapa 
Geologico  de  Espaila,  v.  3,  1876. 

1876.  Dbasche,  Richabd  von.  AusflUge  In  die  Vulcangeblete  der  Umgegend 
von  Manila. 

In  Verhandlnngen  der  K.-k.  geologlschen  Reichsanstalt,  1876.  8".  pp. 
89-93. 

1876.  .    Mlttheilungen  aus  den  Phillpplnen. 

In  Verhandlnngen  der  K.-k.  geologlschen  Reichsanstalt,  1876.  8*.  pp. 
193—198. 

1876.  .    Aus  dem  Sflden  von  Luz6n. 

In  Verhandlungen  der  K.-k.  geologlschen  Reichsanstalt,  1876.  8**.  pp. 
251^255. 
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1876.  DmABOHB,  RiOHABD  TON.    Binige  Worte  fiber  den  geologisctieii  Ban  nm 
Sttd-LuKki. 

In  lilnenOoglscbe  Hittheilunyen  geiammelt  Ton  Gostav  Tschermak,  Wien, 

HWderTlSre.     8«     v.  forl876,  pp.  157-166. 
This  Tolume  of  MIneraloglscbe  Mlttbeilnngen  appeared  also  as  sapple- 

ment  to  K.-k.  geoloclache  Relchsanstalt,  Jahrbuch,  ▼.  26,  1876. 

1876.  Wallaok,  a.  R.    Geographical  distribution  of  animala    New  York,  Ap- 

pleton,  187a    8*.    2  v. 

Philippines,  t.  1,  pp.  345  and  359. 

1877.  Frbbul,  August.    Mineralogisches  aus  dem  ostindischai  Archip^. 

In  Mineralogische  Mitthellungen  Eesammelt  ron  Gustar  Tschermak,  WSen, 

Holder.  1877.     8".     v.  forl877,  pp.  297-808. 
Philippines,  302--304. 
This  Tolume  of  Mineralogische  MItthellmiiien  appeared  also  as  supplement 

to  K.-k.  geologlsche  Reichsanstalt,  Jahrbuch,  y.  27,  1877. 

1878.  Dbasohe,  R.  yon.    Fragmente  zu  einer  Geologie  der  Insel  Lnz6n  (Pbilip- 

pinen),  mit  einen  Anhange  fiber  die  Foraminiferen  der  terti&ren  Thone 
von  Lux6n,  von  Felix  Karrer.  Vienna,  Gerold's  Sohn,  1878.  4*.  5  pL 
(incl.  2  maps). 

This  book  appears  to  Include  all  the  material  of  von  Drasche*8  earlier 
papers. 

1878,  Meteb,  a.  B.    Earthqualces  in  the  Philippines  in  1876. 

In  Nature,  London  and  New  York,  Hacmlllan,  1878.     4o.     t.  18,  p.  265. 
Data    from    '*Ateneo    municipal "    Mount    Tabacon    should    probably    be 
May6n,  but  that  mountain  seems  to  have  had  no  eruption  in  1876. 

1879.  Abella  t  Casabieoo,  Enrique.    Memoria  acerca  de  los  criaderos  aarlferoe 

del  segondo  distrito  del  departamento  de  Mindanao,  Misamis.  Segnido 
de  varios  itinerarios  geol6gico8  referentes  &  la  misma  comarca.  (Del 
Boletfn  de  la  Comisi6n  del  mapa  geol6gico.)  Madrid,  Tello,  1879. 
8*.    49  pp.,  5  pi. 

This  Is  much  the  best  authority  on  the  gold  field  of  Mlsamls,  and  contains 
suggestive  remarks  on  the  general  geology  of  the  r^on. 

1879.  Abana,  O.  de.    Derrotero  del  archipi^Iago  Filipino.    Madrid,  Government, 
1879. 


This  Is  the  oflUdal  Spanish  **  sailing  directions  **  for  the  Philippines ;  use- 
ful especially  with  reference  to  coral  reefb.  It  contains  erroneous 
determination  of  Mount  Malaspina  (Canladn),  vis,  1,800  meters. 


1879.  Drasche,  Richard  von.    ITeber  palftosoische  Schichten  auf  Kamtschatka 
nnd  Luis6n. 

In  Neues  Jahrbuch  flir  Mlneralogle,  etc.,  1879.  pp.  265-269. 
The  purpose  of  this  paper  Is  to  suggest,  on  Ilthological  grounds,  that  bis 
Agno  oeds  are  Paleozoic. 

1881. .    Datos  para  un  estudio  geol6gico  de  la  Isla  de  LnE6n  (Filipinas). 

In  Boletfn  de  la  Comlsl6n  del  Mapa  geolOgIco  de  Espafia,  t.  8,  1881,  pp. 

This  Is  a  translation  of  the  Fragmente,  1878,  and  is  in  part  rery  untmst- 
wortby. 

1881.  Oebbeke,  K.    Beitrftge  snr  Petrographie  der  Philippinen  und  der  Palan- 
Inseln. 

In  Neues  Jahrbuch  far  Mlneralogle,  etc.,  Bellage-Band  I,  Stuttgart,  Koch. 

1881.     8».     Pp.  451-501. 
This  is  an  extremely  important  contribution  to  the  llthology  of  the  Phil- 
ippine Islands.     The  material  was  Semper's  collection  and  the  work 
was  done  in  Rosenbusch's  laboratory. 

1883.  Centeno,  Josft.    Memoria  sobre  los  temblores  de  tierra  ocnrrldos  en  julio 
de  1880  en  la  isla  de  Luz6n.    Madrid,  Tello,  1883.    8*.    91  pp. 

This  paper  appeared  both  separately  and  In  Boletln  de  la  Comisl6n  del 
Mapa  geologico  de  Espafia,  v.  10,  1883.  It  Is  entirely  devoted  to 
earthquakes  and  their  causation. 

1883.  Meyer,  Hans.    HelRht  of  Dat&,  2,245  m. 

In  Petermann's  MIttheilungen  aus  Justus  Perthes*  geographischer  Anstalt, 

Gotha,  Perthes,  1883.     -f*.     v.  29,  p.  194. 
Quoting  Globus,  1883,  No.  11  et  seq.,  to  which  I  have  not  access. 

1884.  Abella  t  Gasariego,  Enrique.    Terremotos  de  Nueva  Vizcaya  (Filipinas) 

en  1881,  infonne  acerca  de  el  los.  segulda  de  nnos  apuntes  fisicos  y 
geol6gicos  tornados  en  el  viaje  de  Manila  &  dicha  provincia.  Madrid 
Tello,  1884.    8*.    131  pp.,  1  pi.  (map). 

The  apuntes.  etc.,  form  In  fact  a  separate  paper,  quoted  as  such  in  this 
report.  They  appeared  separately  and  also  In  Boletln  de  la  Coml8l6n 
del  Mapa  geol6gico  de  Espafia,  v.  10,  1883. 

1886.  .    El  May(Sn,  6  voldln  de  AJbay  (FUipinas).    Madrid,  Tello,  188S. 

8".    23  pp.,  2  pi. 

This  appeared  separately  and  also  In  Boletfn  de  la  Comlsldn  del  Mapa 
geologico  de  Espafia,  ▼.  11,  1884. 


MINERAL  BESOUBCES,  MINES,  AND  MINING.         517 

1885.  Abella  t  Casariego,  Enbique.     Eiiuanaciones  volc&nlcas  subordiuadas  al 
Mallnao  (Flllplnas).    Madrid,  Tello,  1885.    8°.    14  pp.,  3  pi. 

This  appeared  separately  and  also  in  Boletfn  de  la  Comisi6n  del  Mapa 
geologico  de  Espaiia,  v.  11,  1884. 

1885.  .    El  monte  Maquilin  (Filplnas)  y  sua  actuales  emanaclones  vol- 

cftnicas.    Madrid,  Tello,  1885.    8'.    28  pp.,  2  pi. 

This  appeared  separately  and  also  in  Boletfn  de  la  Comisidn  del  Mapa 
geolOgico  de  Espaila,  v.  11,  1884. 

1885.  .    La  isla  de  Bilir&n  (Flllplnas)  y  sua  azufrales.     Madrid,  Tello, 

1885.    8'.    15  pp..  1  pi.  (map). 

This  appeared  separately  and  also  In  Boletfn  de  la  Comisl6n  del  Mapa 
geologico  de  Bspafia,  y.  11,  1884. 

1885.  Centeno,  Jos6.    Estudio  geol6gico  del  volc&n  Taal.    Madrid,  Tello.  1885. 
8*.     53  pp.,  4  pi. 

This  is  much  the  most  complete  paper  on  the  subject.  It  appeared  sepa- 
rately and  also  In  Boletln  de  la  Comlsl6n  del  Mapa  geol6gico  de  Espana, 
T.  12,  1885. 

1885.  Noticia  acerca  de  los  manantiales  termo-mlnerales  de  Bambang 

y  de  las  sallnas  de  monte  Blanco.    Madrid,  Tello,  1885.    8**.    14  pp. 

This  appeared  both  separately  and  in  Boletfn  de  la  ComlsiOn  del  Mapa 
geolOgico  de  Espafia,  y.  12,  1885. 

1885.  JoBDANA  Y  MoBEBA,  Ram6n.     Bosquejo  geogrdflco  6  hl8t6rlco-natural  del 
archipi^lago,  filipino.    Madrid,  1885.    t\ 
Geology,  pp.  115-159. 

1885.  MoNTANO,  Joseph.    Rapport  &  M.  le  mlnistre  de  rinstruction  publique 
sur   une  mission   anx   lies   Philippines   et  en   Malalsie    (1870-1881). 
[Paris,  Haohotte,  1885.1     34  pi.,  2  maps. 
This  work  Is  chiefly  ethnological. 

1885.  Renard,  a.  F.    I^e  volcan  Camiguln,  aux  ties  Philippines. 

In  Bulletin  de  T Academic  royales  des  sciences,  des  lettres  et  des  beaux- 
arts  de  Belgique,  Bruxelles,  Hayes,  1885.     8*.     s.  3,  v.  10,  pp.  733-751. 

1885.  Webster,  H.  A.    Philippine  Islands. 


In  Encyclopedia  Brltannlca,  9th  ed.,  Edinburgh,  Black,  1885.     4**.     y.  18, 

pp.  748-753. 
Philippine  geology,  pp.  748-750. 


1886.  Plant,  Frank  S.    Notes  on  the  Philippines,  with  two  maps. 

In  Journal   of   Bfanchester  Geographical   Society,    Manchester,   the   Soc., 
1886.     8".     V.  2,  pp.  19-49. 

1886.  Abella  y  Casariboo,  Enrique.  R&pida  deseripcl6n  ffslca,  peol6glca  y 
minera  de  la  Isla  de  Cebd  (archipl^lngo  Filipino).  Madrid,  Tello, 
1886.  8"*.  187  pp.,  6  pi.,  incl.  map  geologically  colored  and  geological 
sections. 

This  appeared  separately  and  also  In  Boletln  de  la  ComislOn  del  Mapa 
geologico  de  Espafia,  y.  13,  1886. 

1886.  MoNTERO  T  ViDAL,  Jost.     El  archlpi^lago  Filipino  y  las  islas  Marianas, 
Carollnas  y  Palaos,  su  historla,  geograffa  y  estadJstlca.    Madrid,  Tello, 
1886.    8**.    XV,  511  pp.,  2  maps. 
1886.  Renard,  a.  F.    Notice  sur  quelques  roches  des  lies  Oebfl  et  Malanlpa 
(PhUippines). 

In  Bulletin  de  I'Acadtfmle  royales  des  sciences  des  lettres  et  des  beaux- 
arts  de  Belgique,  Bruxelles,  Hayez,  1886.     8".     s.  3,  v.  11,  pp.  95-105. 

1886.  Tenison-Woods,  J.  E.    The  geology  of  Malasia,  southern  China,  etc. 

In   Nature,    London  and   New   York,    Macmlllan,    1886.     4**.     y.   83,    pp. 
231-232. 

1887.  Marohe,  Alfred.    Lugon  et  Palaouan,  six  ann^es  de  voyage  aux  Philip- 

pines.    Paris,  Hachette,  1887.    8**.    398  pp.,  2  maps. 

1888.  SuESs,  E.    Das  Antlltz  der  Erde.    Vienna,  Tempsky,  1888.    8**.    2  v. 

PblUppinea,  v.  2,  pp.   213-217.     Treats  especially  of  alignment  of  vol- 
canoes and  contains  good  notes  on  the  literature. 

1889.  QuiLLEMABD,  F.  H.  H.    The  cruise  of  the  Marchesa  to  Kamschatl^  and 

New  Guinea,  with  notices  of  Formosa,  Llu-Kiu,  and  various  islands  of 
the  Malay  Archipelago.  2d  ed.,  London,  Murray,  1889.  8**.  455  pp. 
and  maps. 

Notes  on  Cagay&n  de  Jol6,  p.  175. 

1880.  PosEwiTZ,  Theodor.  Borneo;  Entdeckungsreisen  und  Untersuchungen, 
Gegenwfttlger  Stand  der  geologischen  Kenntnisse.  Verbreitung  der 
nutzbaren  Mineralien.    Berlin,  Friediander,  1889.    8°. 

1889.  Reclus,  iSusfiE.    Nouvelle  g^grapbie  universelle,  la  terre  et  les  hommes. 
Parte,  Hachette,  1889.    8^    v.  14. 
Philippines,  pp.  515-580. 
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1889.  Renabd,  a.  F.    Report  on  the  rock  specimentf  collected  on  oceanic  islands 

during  the  voyage  of  H.  M.  8.  Challenger  during  the  years  187S-1876. 
4^     180  pp. 

In  Report  of  the  Bcientlflc  resalta  of  the  exploring  voyage  of  H.  M.  S. 

Challenger,  1873-1876,  London,  Government,  1889.     4\     v.  2.  part  4. 
Philippines,  pp.  160-175;  nearly  or  quite  a  translation  of  Renard*s  two 
papers  in  Bull.  Acad,  de  Belgique. 

1890.  Abella  y  Casabiego,  Enbique.     Deflcrlpci6n  ffsica.  geolOgica  y  mlnera  en 

bosquejo  de  la  isla  de  Panay.  Manila,  Choft^  1890.  8°.  203  pp.,  5  L, 
and  5  pi.  (incl.  2  maps  of  the  island  colored  geologically). 
1890.  Centeno  and  others.  Memoria  descriptlva  de  los  manantiales  min«^ 
medlcinales  de  la  Isla  de  Luz6n  estudiados  iK>r  la  comisi6n  compuesta 
de  los  Sefiores  Jos^  Centeno,  Anacleto  del  Rosario  y  Sales,  y  Jos^  de 
Vera  y  (k)mez.     Madrid.  Tello,  1890.    8**.    117  pp. 

This  appeared  separately  and  alHO  in  Boletin  de  la  Comisl6n  del  Maps 
geoldgico  de  Espafia,  v.  16,  1889. 

1890.  Meyeb,  Hans.  Eine  Weltreise.  Leipzig  und  Wien,  Bihliographiscbes  In- 
stitut.    1890.    8^ 

Philippines,  pp.  253-287,  determined  height  of  DatA. 

1892.  Babaneba,  Fbancisco  X.  Compendio  de  geograffa  de  las  islas  Fllipinas, 
Marianas,  Jol6  y  Carolinas.  3d  ed.  Manila,  Bren,  1892.  12°.  192 
pp.,  3  maps. 

An  extremely  useful  little  book,  though  not  free  from  errors.  Among 
other  matters  It  contains  an  Index  of  the  principal  towns  and  geo- 
graphic features  of  the  islands,  pp.  121-162. 

1892.  PosEwrrz,  Theodob.  Borneo;  its  geology  and  mineral  resources,  trans- 
la  ted  from  the  German  by  Frederick  H.  Hatch.  London,  Stanford, 
1892.     8*.     Mil,  495  pp.,  4  maps. 

This  work  does  not  deal  with  the  Philippine  Islands,  but  Is  Important 
for  suggestive  analogies.  It  contains  a  list  of  several  hundred  papers 
on  Borneo. 

1892.  Wallace,  A.  R.     Island  life.     London,  MacmlUan,  1892.    8'. 

Philippines,  pp.  387-390. 

1893.  Abella  t  Casabieoo,  Enbique.    Terremotos  experimentados  en   la   isla 

de  Luz/^n  durante  los  meses  de  marzo  y  abril  de  1892,  especialmente 
desastrosos  en  Pangasinftn.  Fnidn  y  Benguet.  Manila,  Chofr^,  1893. 
8".    110  pp.,  1  diagram  and  map. 

The  map  Is  on  a  larger  scale  than  any  other  known  to  me  of  the  same 
region.     The  memoir  is  largely  geological. 

1893.  Abella  and  others.  Estudlo  descrlptivo  de  algimos  mannnt tales  mlnera les 
de  Flllpinas,  ejecutado  por  la  comisi6n  formada  por  Don  E^nriqne 
Abella  y  Casarlego,  Inspector  general  de  minas,  Don  Jos6  de  Vera  y 
06mez,  medico,  y  Don  Anacleto  del  Rosario  y  Sales,  farmac^utico, 
precedldo  de  un  pr<ilogo  escrito  por  el  Excmo.  Sr.  D.  Angel  de  Avil^ 
director  general  de  Administraclftn  Civil.  Manila,  Chofr^,  1893  8*. 
150  pp. 

The  half-title  Is :  Manantiales  mlnerales  de  Flllpinas ;  2**,  estudlo  descrlp- 
tivo.    This  paper  Is  largely  geological. 

1893.  Mabtinez  de  Zi^nioa,  JoaquIn.  Estadlsmo  de  las  islas  Filipinas,  6  mis 
vlajes  por  este  pals.  Publica  esta  obra  por  primera  vez  extensamente 
anotada  W.  B.  Retana.  Madrid.  1893.  8  .  2  v.  v.  1, 549+xxxviii  pp. ; 
V.  2,  118+629*  pp. 

Among  the  appendices  la  a  valuable  bibliography  of  Spanish  works.  384 
titles,  and  an  index  of  geographical  points,  pp.  352-420.  The  report 
on  the  three  eruptions  of  1641  is  reproduced  in  v.  2,  p.  334. 

1893.  Aguilab,  J.  N.  ColonIzaci6n  de  Flllpinas.  Madrid,  Alonso,  1893.  S'. 
414  pp. 

Geology  and  mineral  resources,  pp.  345-409,  seemingly  without  any  origi- 
nal matter. 

1895-1896.  Eleba,  Casto  de.    CatAlogo  slstemAtico  de  toda  la  fauna  de  Filipinas, 
etc.     Manila,  Colegio  de  Santo  Tomfts,  1895-96.    8'.    3  v. 
The  Introduction  contains  geological  opinions. 

1896.  Mabtin.  K.    Ueber  tertlHre  Fossllien  von  den  Phillpplnen. 

In  Sammlungen  des  geologlschen  ReichR-Museums  In  Leiden,  Ist  s.,  Leiden, 

Brtll,  1888-1899.     8°.     v.  5,  pp.  52-69,  2  cuts. 
This  paper  Is  translated  as  a  complement  to  this  report. 

1897.  Lanzas,  Pedbo  Tobbes.    Relaci6n  descriptlva  de  los  mapas,  pianos,  etc, 

de  Filipinas  existentes  en  el  archivo  genera]  de  Indias.  Madrid,  1897. 
12°.     55  pp. 

In  Archivo  del  blbllOfllo  flllplno,  W.  E.  Retana,  Madrid.  Rios,  1897,  v.  3, 
pp.  445-497. 

Maps  chronologically  arranged  from  1565  to  1847. 


MINERAL  RESOURCES,  MINES,  AND  MINING.         519 

1898.  Ck>BONAS,  Jos£.  La  erupci^n  del  volcfln  May6n  en  los  dlas  25  y  26  de 
junlo  de  1807.  Manila,  Observatorio,  1898.  f*.  55  pp.,  1  leaf,  2  pi.,  2 
maps. 

Father  Coronas  gives  a  succinct  account  of  the  earlier  known  emptions. 
For  geological  information  he  refers  to  Abella's  paper. 

1898.  Beckeb,  Geoboe  F.  Memorandum  on  the  mineral  resources  of  tbe  Philip- 
pine Islands. 

In  U.  S.  Geological  Survey,  19th  annual  report,  part  tI  continued,  pp. 
687-693. 

Tills  paper  was  prepared  as  a  report  to  Admiral  Dewey,  at  his  request.  It 
was  reprinted  in  A  Treaty  of  Peace  between  the  United  States  and  Spain, 
65th  Congress,  3d  session,  document  61,  part  1,  Washingrton,  Govern- 
ment. 1899,  pp.  514-618 ;  reprinted  again  In  The  Philippine  Islands,  re- 
port by  Mr.  Lodge  from  Senate  Committee  on  the  Philippines,  66th  Con- 
gress, Ist  session,  document  171,  Washington,  Government,  1900,  pp. 
19-24. 

1898.  EsPiNA  Y  Capo,  Luis.  Llgero  bosquejo  acerca  de  los  princlpales  yacl- 
mientos  metallferos  de  FiUplnas.  Manila,  MS.,  1898.  f*.  191  1.,  fold- 
ing tables  and  maps. 

Report  prepared  at  my  request  by  official  in  charge  of  Inspeccidn  de  Minas 
from  material  in  that  office. 

1898.  GoBTERNo  General  de  Filipinas.  Gufa  oflcial  de  las  Islas  Filiplnas  para 
1898,  publicada  por  la  Secretaria  del  Goblemo  General.  Manila,  1898. 
8**.    1144  pp.  and  appendices. 

Contains  papers  by  heads  of  departments  on  the  meteorology,  resources, 
history ;  and  government  of  the  islands  and  much  miscellaneous  infor- 
mation. Abelia  Is  said  to  have  written  the  section  on  Reino  llineral, 
pp.  124-131. 

1898.  HiLDEB,  F.  F.    The  Philippine  Islands. 

In  National  Geographic  Magazine,  Washington,  D.  C,  1898,  v.  9,  pp. 
267-301. 

1898.  Karuth,  Frank.    A  new  centre  of  gold  production.    London,  1894. 

Extracts  and  additional  notes  by  author  in  United  States  Department  of 
State,  consular  reports,  1898.     8**.     pp.  414-423. 

1898.  Worcester,  Dean  C,  and  Bourns,  Frank  S.    (Contributions  to  Philippine 

ornithology. 

In  United  States  National  Museum,  publication  No.  1134.     S^.     v.  20,  pp. 

349-626. 
Deals  with  distribution  of  avifauna  in  a  way  to  suggest  changes  of  level. 

1899.  Becker,  George  F.    Brief  memorandum  on  the  geology  of  the  Philippine 

Islands. 

In  U.  S.  Geological  Survey,  20th  annual  report,  1898-99.     8**.     Part  2, 

pp.    3-7. 
Prepared  as  a  report  to  Gen.  E.  S.  Otis,  military  governor. 

1899.  Herrmann,  Rafael.  Besuch  im  Golddistrlct  von  Camarlnes  Norte 
(Luz6n). 

In  Globus,  Braunschweig,  Vleweg,  1899.     4**.     1.  73,  pp.  10-12. 

1899.  Kot6,  B.    On  the  geologic  structure  of  the  Malayan  archipelago. 

In  the  Journal  of  the  College  of  Science,  Imperial  University  of  T6ky6, 
Japan,  v.  11,  part  2,  published  by  the  University,  T6ky0,  1899.  4o. 
pp.  88-120,  1  map. 

1899.  Stiere,  J.  B.    Volcanoes  and  earthquakes  in  the  Philippines. 
In  Scientific  American,  New  York,  1898.    f«.    p.  396. 
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COMPILATION  OF  NOTES  AND  REPORTS  ON  THE 
PEARL,  SHELL,  AND  SPONGE  FISHERIES  OF 
THE  PHILIPPINE  ISLANDS. 


(Extract  from  Senate  Document  No.  136,  Fifty-sixth  Congress,  first  session.     "  Treaty  with 
the  Sultan  of  Sulu,"  p.  74.) 

JOLO— XOTHER-OP-PEA&L  AND  PEABL. 

The  pearl  fisheries  of  this  archipelago  are  of  great  value,  but  notwithstanding 
the  large  field  for  operations  and  the  encouraging  results  thus  far  attained, 
the  Industry  is  practically  In  its  infancy. 

The  field  is  quite  extensive,  though  as  yet  only  superficially  worked,  and  in- 
vestigations made  indicate  the  presence  of  shells  throughout  the  archipelago 
as  far  as  the  Banco  Perla,  northeast  of  British  Borneo. 

The  pearl  oyster  is  usually  found  about  coral  reefs  or  in  the  vegetation  along 
a  rugged  sea  bottom,  and  is  located  by  means  of  the  ordinary  lead  line  used 
by  mariners  for  sounding.  For  this  purpose  the  lead  is  first  covered  with  a 
coating  of  soap,  thlcli  enough  to  retain  impressions  from  contact.  It  is  then 
dropped  in  the  usual  manner  and  carefully  heaved.  If  sand  or  small  gravel 
be  found  In  the  soapy  coating  the  search  in  that  locality  is  abandoned,  but  if 
there  be  indentations  from  coral  or  any  indication  of  sea  grass  the  boat  is 
anchored  and  operations  commenced. 

Each  pearl  boat  is  supplied  with  a  modem  apparatus  for  deep-water  diving, 
consisting  of  air  pump,  rubber  suits,  etc.  In  preparing  to  descend,  the  diver 
first  puts  on  two  suits  of  heavy  underwear  and  two  pairs  of  heavy  woolen 
socks  in  order  to  protect  himself  against  the  coolness  of  the  water  at  the 
depth  in  which  he  works.    He  then  puts  on  his  suit  of  rubber  and  helmet. 

The  helmet  is  fitted  with  three  large  panes  of  thick  glass  (circular),  one 
placed  directly  in  front,  the  other  two  on  either  side,  and  is  tightly  screwed 
to  the  suit  about  the  shoulders,  affording  ample  space  for  unrestrained  use 
of  the  neck  and  head. 

The  shoes,  each  weighing  25  pounds,  form  part  of  the  suit,  having  very  thick 
soles  carefully  made,  with  due  caution  against  ripping  on  the  sharp  edges  of 
the  coral  reefs. 

The  weight  of  the  above-described  suit  suffices  to  descend  to  a  depth  of  15 
fathoms.  If  a  greater  depth  is  desired,  weight  is  added  by  the  insertion  of 
lead  bars  in  the  back  and  front  of  the  suit. 

The  air  pump  supplies  the  diver  with  the  necessary  air  for  respiration 
through  a  rubber  tube  about  1  inch  in  diameter,  which  is  adjusted  to  the  back 
of  his  helmet.  He  regulates  his  supply  by  means  of  a  signal  line  tied  to  his 
body  and  to  one  arm  of  the  man  serving  the  pump.  It  is  at  the  same  time  his 
life  line. 

The  driver  takes  with  him  on  his  descent  a  knife,  with  which  he  dislodges 
the  shells,  and  a  basket,  in  which  he  gathers  them  and  sends  them  up  to  the 
boat. 

The  greatest  depth  at  which  the  diver  can  work  Is  25  fathoms,  but  there 
the  pressure  of  water  is  so  great  that  labor  can  be  sustained  for  no  more  than 
five  minutes  at  a  time,  after  which  the  diver  must  return  to  the  surface  for 
rest  and  recuperation,  requiring  from  thirty  to  forty-five  minutes  for  this  pur- 
pose. Because  of  the  danger  and  very  limited  results  at  this  great  depth  the 
shell  beds  most  sought  after  and  exploited  are  from  15  to  20  fathoms,  where 
work  can  be  eflfectlve  for  almost  an  hour  without  rest,  and  even  then  fifteen  or 
twenty  minutes  above  water  suffice  to  restore  the  diver  for  renewed  labor. 
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Usually  eight  hours  of  the  day  are  employed  In  diving ;  after  which  the  shells 
are  opened,  cleaned,  and  the  pearls  extracted.  The  size  of  the  shell  is  about 
9  inches  in  diameter. 

Only  about  1  per  cent  of  the  shells  contain  pearls;  these  are  found  loose  In 
the  shell  or  embedded  in  it,  and  often  in  the  oyster's  meat  itself.  The  size 
varies  from  that  of  a  plnhead  to  a  large  bean,  and  in  color  they  are  elth^ 
lead-gray,  golden-hued,  or  water-colored,  the  last  being  the  most  valued.  Some- 
times the  pearl  is  found  beautifully  polished,  ready  for  the  Jeweler's  hands. 

As  many  as  a  dozen  pearls  have  been  found  in  one  shell,  and  It  is  related 
that  an  Englishman,  two  years  ago,  found  a  shell  devoid  of  oyster  bat  con- 
taining 65  pearls. 

The  pearl  fishery  of  Jolo  is  exclusively  in  the  hands  of  the  Chtneee  headman, 
Tiana,  at  Jolo,  who  owns  a  fully  equipped  fleet  of  6  boats  of  about  10  tons 
each.  Each  boat  has  a  crew  of  7  men  besides  a  captain,  who  receives  ^30 
wages  per  month,  besides  ^50  for  each  ton  of  shells  brought  in,  regardless  of 
whether  they  contain  pearls  or  not.  When  the  fleet  is  out  fishing,  a  supercargo 
is  in  charge,  who  takes  care  of  the  pearls  found,  and  looks  after  Tlana's  inter- 
ests generally.  A  cruise  usually  lasts  from  three  to  four  weeks,  during  which 
each  boat  secures  from  1,500  to  2,500  pounds  of  shells.  These  are  sbipped  In 
baskets  to  Singapore,  where  they  bring  about  W>5  per  picul  (about  133i 
pounds). 

The  pearls  are  also  marketed  In  Singapore,  their  price  ranging,  according  to 
size  and  color,  from  two  to  several  hundred  pesos;  some  have  been  found  of 
an  estimated  value  of  M.0,000  or  more,  but  these  are  very  rare.  * 

Lately,  soon  after  the  occupation  Of  Jolo  by  the  Americans,  the  representative 
of  a  New  York  house  has  located  there  for  the  purpose  of  buying  and  shlf^ng 
shells  and  pearls. 

The  natives  engage  in  pearl  diving  on  such  a  very  small  scale  that  their  out- 
put is  liardly  worth  mentioning.  They  dive  without  any  equipments,  but  man- 
age to  reach  a  depth  of  about  10  fathoms ;  at  times  they  will  disappear  under 
water  for  two  minutes,  returning  to  the  surface  with  a  shell  in  each  band. 


(From  Report  of  the  Lleatenant-Qeneral  Commiinding  the  Army,  part  4,  1901.) 

{Page  370.) 
(No.  35.) 

This  letter  from  your  son  H.  H,,  the  Sultan  Hadji  Mohammed  Jamalui  Kircwi  to 

my  father  the  governor  of  JolOy  Major  Sweet: 

I  have  the  honor  to  inform  you  that  I  am  sending  Datto  Bassaluddin  to  the 
English  people  who  have  contracted  to  dive  for  pearl  shells,  to  get  my  share 
of  the  pearls  from  them ;  because  it  was  agreed  between  us  that  in  case  pearls 
were  found  by  them  I  should  get  half  their  value.  Now  that  they  have  got 
pearls,  and  inasmuch  as  they  have  paid  a  tax  of  $100  to  Maharajah  Jain  for 
pearls,  I  beg  them  to  pay  me  my  share.  The  reason  I  inform  you  of  tills  is  In 
case  they  say  that  they  did  not  get  any  pearls,  that  it  is  not  true.  I  depeid 
on  you,  my  father,  to  see  that  I  be  not  the  loser. 

No  date.    Received  December  3,  190a 

Chablks  ScHtrcK, 
Official  Interpreter  and  Translator. 

(No.  36.) 

Whereas  this  letter  is  from  His  Highness  the  Sultan  Hadji  Mohammed 
Jamahil  Kiram  to  Tan  Benga,  and  to  inform  you  that  about  your  pearl  fishery, 
if  you  are  not  able  to  divide  the  pearls,  or  the  value  of  them,  you  are  not  allowed 
to  work  the  same. 

26th  Shaaban,  1318  (23d  December,  1900). 
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(No.  87.) 

JoLO,  JoLo  Island,  December  26,  1900. 
To  His  ffighne98,  the  Sultan  of  Jolo,  from  his  brother,  the  governor  of  Tiange, 

greetings: 

Your  letter  to  Tan  Benga  has  been  referred  to  me,  and  I  again  tell  you  that 
nntU  you  show  me  that  Tan  Benga  has  violated  his  agreement  with  you,  you 
have  no  right  to  break  said  agreement.  In  doing  so  you  make  yourself  liable 
for  any  loss  which  he  may  claim  for  stopping  his  fishing.  I  have  examined 
your  agreement  with  him  and  can  see  nothing  with  reference  to  any  division 
of  pearls  In  It,  and  your  stopping  his  fishing  because  he  does  not  divide  the 
pearls  or  their  money  value  Is  not  only  wrong,  but  would  have  an  exceedingly 
bad  effect  on  any  legitimate  trade  In  the  archipelago.  Until  you  can  show 
some  better  cause  for  your  action  I  can  not,  in  the  Interest  of  yourself  and  of 
commerce,  allow  this  arbitrary  destruction  of  an  Industry  on  your  part. 

Whoever  your  advisers  are  in  this,  they  are  giving  you  very  poor  advice,  as, 
If  followed,  it  would  destroy  all  confidence  In  agreements  of  which  you  are  a 
party.    I  hope  you  will  not  take  any  means  to  prevent  legitimate  pearl  fishing, 
as  I  do  not  wish  to  have  to  put  soldiers  on  the  pearl  boats  to  protect  them. 
Very  respectfully, 

O.  J.  Sweet, 
Major,  Twenty-third  Infantry,  Military  Governor, 

(Page  389.) 

(No.  24.) 

Headquabtebs  Thibo  Distbict  op  Mindanao  and  Jolo, 

Jolo,  Jolo  Island,  October  5,  1900. 
The  Adjutant-Genebal,  Depabtment  of  Mindanao  and  Jolo, 

Zamboanga,  P.  /. 

Sib  :  I  have  the  honor  to  submit  the  following  report  on  the  pearl  fisheries  In 
the  Jolo  Archipelago,  the  manner  of  fishing,  and  the  claims  of  the  Sultan  to  said 
fisheries : 

The  Sultan  claims  Jurisdiction  over  the  Snlu  Archipelago  from  the  straits 
south  of  Mindanao  to  Borneo,  and  from  an  Indefinite  line  In  the  China  Sea  west 
of  Palawan  to  an  Indefinite  line  In  the  ocean  east  of  the  chain  of  islands  Basllan, 
Jolo,  Siassl,  and  Tawl-tawl. 

According  to  the  Moro  laws  and  customs  he  owns  eversrthlng.  There  Is  no 
private  ownership  of  land  or  water ;  It  Is  simply  occupied  at  will  of  the  Sultan — 
he  now  claims  the  ownershjip  of  all  shells  In  the  waters  of  the  archipelago. 
Such  claims  are  now  and  always  have  been  recognized  by  the  Moros.  They  pay 
for  the  privilege  of  fishing  by  giving  or  selling  to  the  Sultan  at  a  nominal  price 
all  pearls  of  a  certain  size  or  value.  This  Is  all  the  natives  pay  for  the  privilege  of 
fishing.  Pearls  are  simply  a  side  issued  the  shells,  from  1  to  8  pounds  a  pair,  are  a 
valuable  product,  and  are  shipped  to  Singapore  and  London.  The  Chinese  mer- 
chants here  pay  the  natives  from  40  to  60  cents  Mexican  a  pound  for  them.  If 
the  shells  had  no  value  the  fisheries  would  be  valueless,  as  only  one-half  to  1 
per  cent  of  the  shells  have  pearls  in  them,  and  these  are  of  an  inferior  luster 
and  Irregular  In  shape.  These  shells  are  found  in  beds,  scattered  throughout 
the  archipelago.  In  water  from  1  fathom  to  beyond  working  depth.  Finding 
them  is  a  matter  of  luck.  The  natives  dive  and  dredge  for  shells,  and  often  a 
single  pair  of  shells  will  repres^it  a  week's  work  for  a  boat. 

Two  companies,  one  Chinese  and  one  English,  have  Jolo  as  headquarters  for 
their  boats.  They  use  diving  suits.  Besides  mother-of-pearl  shells,  black  and 
«iail  shells  are  found  In  shipping  quantities.  The  black  shell  Is  smaller  than 
the  mother-of-pearl  and  Is  nearly  as  valuable.  The  black  and  snail  shells  are 
used  In  the  manufacture  of  pearl  buttons,  etc.  The  custom-house  at  Jolo,  since 
January,  1900,  shows  a  shipment  of  222,814  pounds  mother-of-pearl  shells,  value 
$75,712;  1,114  pounds  black  shells,  value  $440;  and  17J01  pounds  snail  shells, 
value  $5,609.    About  the  same  amount  are  shipped  from  Siassl. 

The  ClJhlnese  and  the  English  company  pay  the  Sultan  for  the  privilege  of 
fishing.  Copies  of  their  agreements  with  the  Sultan  are  attached  and  marked 
"A"  and  "  B."  The  English  privilege  gives  them  the  exclusive  right  to  fish,  but 
I  have  not  and  will  not  recognize  any  concession  of  this  kind  unless  ordered  to 
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do  so  by  higher  authority ;  it  is  not  for  the  best  interest  of  the  archipelago,  the 
Sultan,  or  commercially. 

The  Chinese  firm  of  Tan  Benga  &  Tiana  commenced  pearl  fishing  In  18d2. 
They  always  worlced  near  Jolo  and  under  the  immediate  procection  of  the 
Spanish  fleet  Under  article  14  of  the  protocol  signed  at  Madrid  March  7,  1385, 
by  representatives  of  England,  Grermany,  and  Spain,  appended  and  marked  ^  C,** 
fishing  was  free.  In  October,  1898,  the  Spanish  garrison  at  Jolo  was  greatly 
reduced.  The  Sultan  tool^  advantage  of  this  and  commenced  to  push  this  firm, 
interfering  with  them  in  many  ways.  Tiana  appealed  to  the  Spanish  governor 
of  Jolo  for  protection.  The  governor  told  him  that  on  account  of  his  reduced 
strength  in  the  archipelago  he  could  do  nothing,  and  advised  him  to  make  terms 
with  the  Sultan.  This  was  done  (see  Appendix  A).  The  dattos  and  principal 
men  now  claimed  the  right  to  the  shells  in  their  vicinity,  and  commenced  charg- 
ing for  the  privilege  of  fishing,  in  addition  to  the  money  paid  the  Sultan  for  this 
same  privilege.  Dattos  Calbi  and  Joakanain  demanded  $500  from  the  firm  for 
shells  taken,  and,  as  the  demand  could  not  be  resisted  at  the  time,  the  Spanish 
governor  paid  the  money,  which  was  afterwards  returned  to  him  by  the  finn. 
The  principal  man  in  Tapul  demands  1  shell  in  every  11  taken  in  his  vicinity. 
Demands  of  one  kind  and  another  are  being  made  continually.  Mr.  Schuck,  the 
father  of  the  present  interpreter  at  Jolo,  was  a  resident  of  Jolo  before  the  signa- 
ture of  the  protocol,  and,  according  to  his  sons,  paid  the  Sultan  1  shell  out  of 
every  11  he  obtained  for  the  privilege  of  fishing.  About  five  years  ago  O'Maru, 
with  seven  boats  belonging  to  the  London  Pearling  Company,  was  fishing  in  the 
archipelago  and  paid  the  Sultan  10  per  cent  for  the  privilege.  About  the  same 
time  A.  H.  Stephens,  of  the  firm  of  Ma cA lister  &  Co.,  Singapore,  was  pearling 
here  and  made  terms  with  the  Sultan.  These  two  firms  did  not  fish  under  the 
protection  of  the  Spanish  fieet. 

From  this  it  would  seem  that,  before  the  signing  of  the  protocol,  the  Sultan 
was  imid  by  foreigners  for  the  privilege  of  fishing.  After  the  signing  they  made 
terms,  unless  they  were  working  under  Spanish  guns.  The  Sultan  has  never 
recognized  the  protocol,  as  far  as  free  fishing  is  concerned. 

At  a  conference  held  on  June  13,  1899.  Datto  Puyo,  of  Siassi,  stated  that 
"  Lapac  belongs  to  Siassi ;  these  islands  belong  to  the  Sultan.  As  regards  the 
pearl  fisheries,  they  belong  to  the  Sultan  and  the  dattos."  At  a  conference  on 
board  IT.  S.  S.  Manila,  August  1,  1899,  between  General  Bates  and  Datto  Amir 
Hussin,  of  Lugus,  Amir  Hussin  stated :  *'  No ;  men  fibbing  for  pearls  do  not  pay 
the  Sultan  anything;  the  Sultan  only  gets  the  large  pearls.'*  This  referred 
to  native  divers. 

Captain  Pratt,  Twenty-third  Infantry,  in  report  No.  5.  Jolo,  June  22,  1809, 
reports,  under  head  of  "  Pearl  fisheries.** 

Mr.  Schuck  states  that  "  the  Sultan  claims  hereditary  ownership  of  all  pearl 
fishing  in  the  Jolo  Archipelago,  and  that  revenues  are  paid  to  the  Sultan  as 
follows : 

1.  All  divers  deliver  to  the  Sultan  all  "datto  pearls  (largest  pearls)." 

2.  Captain  Tiana  pays  $100  per  month. 

Mr.  Schuck's  father  gave  the  Sultan  10  per  cent  of  the  shells  found. 

"All  Chinamen  have  been  paying  taxes  for  the  privilege  of  fishing  on  the 
pearl  grounds.*' 

Captain  Tiana  (the  head  Chinaman  of  this  group)  objects  to  paying  the 
Sultan  this  tax  of  $100  per  month,  claiming  that  the  protocol  of  18S5  with  the 
foreign  powers  makes  the  pearl  fishing  free.  Captain  Tiana  claims  that  the 
grounds  where  he  fishes  are  more  than  10  miles  from  the  coast  and  more  than 
30  miles  from  this  port.  He  has  been  fishing  there  for  five  years  and  has  not 
paid  the  Sultan  this  tax,  except  during  the  past  six  months.  He  also  paid  the 
Sultan  a  fine  of  $5(X)  in  connection  with  these  fisheries. 

Datto  Puyo,  of  Siassi,  also  stated  to  me  that  the  pearl  fisheries  belonged 
to  the  Sultan.  I  have  been  unable  to  obtain  any  other  information  on  this 
subject  from  the  source  of  information  at  our  disposal.  I  do  not,  however, 
agree  with  Captain  Tiana  in  his  interpretation  of  the  protocol,  and  do  not 
think  that  interference  Is  desirable,  but  would  respectfully  request  instruc- 
tions on  this  subject 

There  are  no  records  at  Jolo  previous  to  American  occupancy,  so  it  is  hard 
to  get  at  the  true  status  of  the  Sultan*s  rights  in  the  matter  from  recorda  The 
Sultan  has  always  claimed  the  fisheries  as  his  own.     He  was  not  a  party 
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to  tbe  treaty  or  protocol  between  ESngland,  Germany,  and  Spain,  and  evidently 
did  not  recognize  it  as  depriving  him  of  his  rights  of  ownership  in  the  pearl 
fisheries,  for  as  soon  as  the  Spanish  forces  were  reduced  he  enforced  his  claims, 
the  Spanish  governor  at  Jolo  recommending  foreign  fishermen  to  make  terms 
with  the  Sultan. 

On  the  arrival  of  the  Americans  at  Jolo  the  status  of  the  fisheries  was  con- 
tinued as  we  found  them  and  without  any  investigation  into  the  merits  or 
extent  of  the  Sultan's  claims.  The  Government  guaranteed  him,  in  the  agree- 
ment, in  all  his  rights,  etc.,  one  of  the  rights  he  claims  to  be  fisheries. 

The  Chinese  firm  consists  of  Leopoldo  Canizato  Tiana  and  Tan  Benga,  with 
headquarters  at  Jolo.  The  Ehiglish  firm  is  the  Philippine  Pearling  and  Trading 
Ck>mpany  (Limited),  with  headquarters  at  Manila.  The  principal  owners  are 
the  Chartered  Bank  of  India,  Australia,  and  China — the  Hongkong  and 
Shanghai  Bank,  and  Holliday,  Wise  &  Co.,  of  Manila ;  small  shareholders  are 
scattered  all  over  the  world. 

The  Eddie  and  his  brother,  Charlie,  referred  to  in  Appendix  B,  are  Eddie 
Schuck  and  Charlie  Schuck,  Moro  interpreter.    Both  live  at  Jolo. 

Since  American  occupation  trouble  has  arisen  several  times  on  account  of 
the  arbitrary  and  exorbitant  demands  of. one  kind  and  another  made  by 
natives,  notwithstanding  the  Sultan*s  permit  to  fish.  It  has  only  been  on 
account  of  great  forbearance  on  the  part  of  foreigners  and  pressure  on  my 
part  that  blood  has  not  already  been  shed. 

On  account  of  the  undoubted  value,  great  extent,  and  future  productiveness 
of  these  fisheries  some  intelligent  legislation  on  the  part  of  the  Government 
Is  necessary.  This  legislation  should  cover  ownership,  jurisdiction,  etc.,  and 
should  protect  the  seed  and  chicken  shell. 

Very  respectfully,  O.  J.  Sweet, 

Major,  Twenty-third  Infantry,  Commanding, 


This  letter  from  His  Highness  the  Sultan  of  Jolo,  Hadji  Mohammed  Jamalul 
Kiram,  to  all  my  subjects,  friends,  and  relations  in  the  Jolo  Archipelago: 
I  herewith  inform  you  all  that  Captain  Tlana  and  Tan  Benga  have  contracted 
for  to  fish  for  pearl  shells  here  In  the  seas  of  the  Jolo  Archipelago  belonging 
to  my  sultanate.  They  will  pay  me  $100  a  month.  They  are  not  authorized 
to  stop  you  all  from  fishing,  nor  will  you  be  allowed  to  stop  them. 

Written  this  12th  day  of  the  moon,  Jamad  Alawal,  In  the  year  1316  (Septem- 
ber 28,  1898). 

Pearling  grounds  belonging  to  my  brothers,  Calbl  and  Joakanaln,  are  ex- 
cluded, from  Tandah  Dagmai  to  Capual. 

Charles  Schuck, 
Official  Interpreter  and  Translator. 


This  is  a  letter  of  agreement  between  His  Highness  the  Sultan  of  Jolo,  HadJl 
Mohammed  Jamalul  Klram,  and  Eddie  of  German  nationality.  He  and  his 
brother  Charlie  and  the  Philippine  Pearling  and  Trading  Company  (Limited), 
have  exclusive  power  to  engage  In  pearl  fishing  in  the  seas  belonging  to  the 
Jolo  Archipelago  and  all  around  the  Island  of  Jolo,  excluding  the  part  between 
Parang  and  Patlan.  Owners  of  pearling  grounds  can  not  forbid  above-men- 
tioned parties  to  fish  in  their  grounds,  but  must  come  to  terms  with  them 
satisfactory  to  both  partlea 

The  above-mentioned  parties  will  pay  the  Sultan  $200  per  month,  com- 
mencing from  date  of  this  agreement,  for  said  privilege.  No  other  person  or 
persons,  of  any  nationality,  are  permitted  to  engage  in  pearl  fishing  in  the 
above-mentioned  seas  with   diving  apparatus. 

In  the  event  of  pearls  being  found  by  the  above-mentioned  parties,  same  must 
be  shared  with  the  Sultan.  The  number  of  boats  engaged  In  such  work  can  not 
exceed  8,  and  each  boat  must  be  provided  with  a  copy  of  this  agreement,  to  be 
shown  to  the  people,  thus  to  avoid  trouble. 

This  agreement  holds  good  for  eight  years,  dating  from  December  18,  1899, 
(14th  Shaaban,  1817.) 

Chables  Schuck, 
Official  Interpreter  and  Translator, 
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C. 

Translation  of  the  protocol  relative  to  the  8ulu  Archipeloffo,  aiffned  at  Madrid 
by  the  representatives  of  Qreat  Brita^m,  Germany,  and  Spain  on  March  7, 

1885. 

[Extract.] 

Abtiole  IV.  The  Spaniah  Government  engages  to  carry  out.  In  the  archip^ago 
of  Sulu  (Jolo),  the  stipulations  contained  in  Articles  I,  II,  and  III  of  the 
protocol  signed  at  Madrid  March  11,  1877 — that  is  to  say:  "(1)  The  commerce 
and  the  direct  traffic  of  vessels  and  subjects  of  Great  Britain,  Germany,  and 
the  other  powers,  with  the  archipelago  of  Sulu  ( Jolo)  and  in  all  parts  thereof 
are  declared  to  be,  and  shall  t>e,  absolutely  free;  as  well  as  the  right  of  fishing, 
without  prejudice  to  the  rights  of  Spain  recognised  by  the  present  protocol, 
conformably  to  the  following  declarations: 


Done  at  Madrid  March  7,  1885. 

[L.8.] 
[L.  s.] 

R.  B.  D.  Mobub. 
J.  Elduayen. 

P.  C.  SOLMS. 

(Page  S95.) 

Pearling, — The  pearl-shell  industry  has  been  conducted  during  the  quarter 
apparaitly  without  friction,  and  is  in  the  same  hands  as  at  last  report.  Ap- 
pended letter,  marked  "38,"  is  copy  of  contract  between  the  Sultan  and  Tan 
Benga.  Tiana  has  withdrawn.  Tan  Benga  has  a  similar  contract  with  Calbi 
and  Joakanain.  Forty-seven  thousand  seven  hundred  and  ten  pounds  of  pearl 
have  been  exported  during  the  quarter.  One-fifth  was  shipped  by  the  Ekiglish 
firm,  Holliday,  Wise  &  Ck>. 

{Page  ^11.) 

(No.  38.) 

[Official  translation.] 

This  is  a  letter  from  His  Highness  the  Sultan  of  Jolo,  Hadji  Mohammed 
Jamalul  Kiram,  to  all  my  subjects,  friends,  and  relations  in  the  Jolo  Archi- 
pelago: 

I  herewith  inform  you  all  that  Captains  Tiana  and  Tan  Benga  have  con- 
tracted for  to  fish  for  pearl  shells  here  in  the  seas  of  the  Jolo  Archipelago 
belonging  to  my  sultanate.  They  will  pay  me  $100  a  month.  They  are  not 
authorized  to  stop  you  all  from  fishing,  nor  will  you  be  allowed  to  stop  them. 
Written  this  12th  day  of  the  moon,  Jamad  Alawal,  in  the  year  1316  ( Septem- 
ber 28,  1898). 

Pearling  grounds  belonging  to  my  brothers,  Calbi  and  Joakanain,  are  excluded, 
from  Tandah  Dagmai  to  CapuaL 

Chablss  Schuok, 
Official  Translator  and  Interpreter, 


STATEMENT  MADE  BY  THE  STTLTAN  OF  STJLTT  RELATIVE  TO  THE  FSABL 

EISHEBIES. 

(Forwarded  by  the  governor  of  Moro  Province.) 

[Translation.] 

[SEAL  OP  THE  SULTAN. ] 

No  date. 

I  beg  to  inform  my  father,  the  civil  goremor,  Major  Scott,  as  you  want  to 
know  about  the  mother-of-pearl  shell,  and  why  it  is  the  right  of  all  the  Sulu 
people,  above  all  my  own  right,  this  Is  the  reason : 

The  forefathers  of  the  Sulu  people  used  to  take  the  mother-of-pearl  shell  from 
the  downs,  because  the  mother-of-pearl  shell  belonged  to  the  downs,  and  they 
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took  them  to  eat  the  oyster  with  the  other  food ;  of  the  shell  they  made  plates 
and  saucers,  to  put  the  food  on,  and  the  pearls  they  used  to  make  a  hole 
through  and  put  them  on  a  string  as  necklaces  for  their  children.  This  was 
at  the  time  when  no  other  nation  had  yet  come  to  Sulu  to  buy  the  mother-of- 
pearl  shell. 

Later  a  big  boat,  called  "  Sampang,"  drifted  from  China  to  Sulu ;  there  were 
on  board  many  people,  all  Chinese ;  it  was  loaded  with  merchandise.  The  peo- 
ple came  ashore  and  they  saw  the  mother-of-pearl  shell  which  the  Sulu  people 
were  carrying ;  the  captain  of  the  boat  said :  "  Have  you  many  more  of  these 
things?"  and  the  people  answered,  "Plenty;  this  is  what  we  take  from  the 
downs  to  eat  with  other  food."  The  captain  said,  "  Gather  me  plenty ;  I  will 
buy  them  from  you."  The  people  went  and  gathered  them  and  bartered  them  for 
plates  and  saucers.  When  all  the  shells  from  the  downs  were  finished,  they 
looked  Into  the  deep,  and  that  is  how  they  found  the  pearling  grounds,  and  the 
people  noted  and  remembered  them.  This  is  what  they  agreed  upon :  Whoever 
finds  pearling  grounds,  it  belongs  to  him  from  generation  to  generation.  That 
is  what  they  agreed  upon.  This  is  the  reason  why  the  Sulu  people  have  the 
right  and  that  they  came  to  make  the  "badja"  (dredge)  to  get  the  mother- 
of-pearl  shell  from  the  deep,  because  they  could  not  see  them. 

Later,  Salips  came  from  the  Mecca,  of  the  Arab  nation ;  they  came  to  Sulu 
to  convert  the  people  into  Mohammedans,  as  they  had  no  religion.  And  when 
the  Sulu  people,  including  the  islanders,  adopted  the  faith,  then  they  agreed 
upon  to  have  a  sultan  and  they  elected  Saripul  Hassim  to  be  sultan.  Saripul 
Hassim  said :  "I  don't  want  you  to  make  me  your  sultan  if  I  do  not  know  what 
the  rights  of  the  sultan  are,  and  who  I  have  to  govern  over,  because  this  is  not 
my  country ;  this  is  your  country.  And  this  is  how  everybody  agreed  to  accept 
him  as  sultan  over  Sulu  and  all  the  islands ;  that  is  how  he  became  sultan  and 
governed  over  all,  and  this  is  how  Saripul  Hassim  accepted  to  be  the  sultan  of 
Sulu  to  have  full  power  over  land  and  sea ;  and  the  people's  rights,  where  they 
get  their  living  from  on  land  and  sea,  were  left  to  them,  because  they  were  the 
means  of  their  getting  their  livelihood.  But  a  law  was  made,  if  they  found 
valuables  in  the  sea,  such  as  pearls,  tortoise  shell,  ambal,  or  anything  ex- 
traordinary, they  have  to  show  it  to  the  sultan,  and  if  the  pearls  weighed  6 
chuchuk  or  over  they  become  the  share  of  the  sultan;  if  they  did  not  have 
that  weight,  the  people  can  do  with  them  as  they  please  and  sell  them.  If 
the  sultan  wants  them,  he  will  buy  them  according  to  custom.  As  to  the  tortoise 
shell,  if  they  weigh  2  kettles,  they  go  to  the  sultan,  and  as  to  the  ambal, 
whether  it  is  much  or  little,  it  falls  to  the  sultan.  Whoever  finds  It  must  take 
it  to  the  sultan.  Whoever  of  his  subjects  violates  this  law  as  agreed  upon,  the 
sultan  can  punish  him  as  he  pleases. 

They  accepted  this  law  as  agreed  upon,  to  be  carried  out  by  them  (sultan 
and  people)  and  their  descendants,  and  not  to  be  changed;  but  they  asked  of 
the  sultan  not  to  let  any  other  nation  take  a  share  in  this  industry ;  it  is  enough 
for  them ;  and  the  sultan  agreed  to  this  because  they  did  not  know  how  to  earn 
their  living  otherwise.  This  is  what  the  sultan  and  his  subjects  agreed  upon 
because  Sulu  had  no  treasures  on  land  beyond  the  cultivation;  the  treasures 
come  from  the  sea  only,  therefore -other  people  are  forbidden  because  this  is 
the  property  of  all  my  subjects,  but  especially  my  own. 

Recently,  In  my  time  and  in  the  Spanish  time,  there  came  to  me  Captain 
Tiana ;  he  wanted  to  dive  for  pearl  shells.  I  said :  "  I  can  not  give  you  my 
consent  at  once,  because  since  our  forefathers  (sultan  and  people)  we  have  an 
agreement  I  will  confer  with  my  people."  I  sent  for  the  chiefs  and  the  dattos 
and  I  told  them  about  it ;  that  Captain  Tiana  came  to  me  and  asked  to  dive  for 
pearl  shells ;  they  said  it  can  not  be  done  because  there  is  an  agreement  between 
our  forefathers  that  other  nations  can  not  Join  in  this  Industry  of  the  Sulu 
seas,  because  there  is  no  other  means  of  earning  a  living  for  your  subjects.  I 
informed  Captain  Tiana  of  it.  He  said:  "Allow  me  to  dive  for  pearl  shells;  I 
will  give  toll  to  you  as  sultan,  and  I  will  also  give  toll  to  the  owners  of  the  pearU 
ing  grounds  according  to  what  we  agree  upon."  So  I  informed  all  the  owners 
of  the  pearling  grounds,  and  they  said,  if  they  are  really  in  earnest  to  give 
toll  to  us  owners  of  the  grounds,  according  to  what  we  agree  upon,  if  we  don't 
agree,  we  will  not  allow  them  to  fish.  Thereupon  Captain  Tiana  and  I  went 
to  the  Spanish  governor  to  bear  witness.  The  governor  said:  "All  right,  any- 
thing you  agree  upon ;  I  can  not  change  the  law  of  the  Moro  people,  and  I  will 
not  interfere."  This  is  how  I  allowed  Captain  Tiana  to  fish,  and  I  gave  him 
a  letter  of  the  truth  according  to  agreem^it.  Therefore,  if  any  person  or  other 
nation  wants  to  fish  for  mother-of-pearl  shell,  he  will  have  to  do  as  Captain 
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Tiana  did  and  ask  me  for  a  letter  of  truth;  and  if  he  has  no  letter  and  does 
not  pay  toll  to  the  owners  of  the  ground  and  especially  to  me,  he  can  not  dive : 
and  if  he  violates  this  and  if  anything  befalls  him,  I  am  not  responsible  and  do 
not  want  to  be  held  responsible,  because  the  mother-of-pearl  shells  are  lllte  the 
property  In  our  boxes  and  given  to  us  by  €rOd.  They  do  not  go  away  from  the 
places  where  they  are  put,  they  are  not  like  fish  that  go  about  Therefore  we 
forbid  It.    It  Is  our  heritage  from  our  forefathers. 

[SEAL  OF  THE  SULTAN.  1 

(Signed)  Hadji  Mohamad  Jamamah  Kiram, 

Sultan  of  8ulu. 


(From  Report  of  Schurman  Philippine  Commission.  1900,  vol.  3,  p.  324.) 
MOLLTTSXS. 

The  Philippines  are  famous  for  the  wonderful  variety  and  abundance  of  their 
"  land  shells,"  which  are,  with  few  exceptions,  formed  by  snails.  They  are  of 
the  most  varied  form,  size,  and  color,  and  many  of  them  are  extremely  beautiful. 
Not  a  few  of  them  are  protectively  colored,  and  the  nature  of  their  shells  Is 
such  that  when  the  tree  trunks  that  they  frequent  darken  with  the  wet  they 
darken  at  the  same  time.  Many  of  the  species  are  extremely  local  In  their 
distribution,  and  the  study  of  the  land  mollusca  of  the  archipelago  Is  of  absorb- 
ing Interest  to  the  conchologlst.  So  far  as  we  at  present  know,  none  of  the 
species  are  of  great  practical  importance  to  man,  although  some  of  them  are 
occasionally  eaten  by  the  natives.  The  fresh-water  and  marine  forms  are 
very  numerous  and  many  of  them  are  exquisitely  beautiful.  For  the  most 
part  they  are  like  the  land  species,  of  Interest  and  Importance  chiefly  to  the 
conchologlst,  but  there  are  some  exceptions  to  this  statement. 

There  are  a  number  of  species  of  edible  oysters,  clams,  etc.,  which  are  used 
by  the  natives,  and  to  some  extent  by  Europeans  also,  as  food.  Many  of  them 
are  very  palatable,  although  none  of  them  compare  with  the  oysters  obtainable 
In  the  United  States. 

The  shells  of  one  species  {Placuna  placenta  L.)  split  Into  thin,  fiat  plates, 
and  cut  Into  squares  some  2  Inches  on  a  side,  are  almost  universally  used 
In  place  of  window  glass.  They  are  fitted  Into  sliding  wooden  frames,  and 
when  In  place  serve  to  modify  the  glare  of  the  tropical  sun,  producing  much 
the  effect  of  ground  glass. 

The  shells  of  the  enormous  giant  clams  of  the  genus  Trldacna  sometimes 
attain  a  length  of  5  or  6  feet,  and  weigh  himdreds  of  pounds.  The  valves  are 
considerably  used  for  baptismal  fonts,  etc.,  and  the  natlvds  sometimes  burn 
them  to  make  lime.  Divers  are  afraid  of  them,  and  with  reason,  for  they  close 
with  a  grip  like  a  vise,  and  were  one  of  them  to  catch  a  man's  foot  he  would 
certainly  be  drowned. 

True  pearl  oysters  are  found  in  the  southern  waters  of  the  archipelago  along 
the  coasts  of  Mindanao  and  Palawan,  and  in  the  Sulu  Archipelago.  They  are 
especially  fine  and  abundant  in  the  latter  region,  and  very  valuable  pearls  are 
frequently  obtained  there.  There  are  probably  no  more  expert  divers  In  the 
world  than  the  Moros,  who  train  themselves  to  remain  under  water  two 
minutes  or  even  longer.  The  Sulu  pearl  fisheries  are  controlled  by  the  sultan, 
who  rents  the  privilege  of  exploiting  them,  and  to  whom  all  pearls  above  a 
certain  size  are  held  to  belong.  At  present  a  Chinaman  has  the  monopoly  of 
the  fisheries  near  Sulu  Itself,  and  is  using  half  a  dozen  small  sailing  craft 
provided  with  complete  divers'  outfits. 

The  shells  bring  a  good  price,  and  there  Is  a  ready  market  for  them.  At 
present  they  are  nearly  all  shipped  to  Singapore. 

The  wonderful  chambered  nautilus,  or,  as  it  more  commonly  called,  the 
pearly  nautilus,  Is  so  common  that  Its  shells  are  much  used  by  the  natives  for 
drinking  cups.  In  the  Tanon  Channel  It  may  readily  be  taken  alive  in  the  deep- 
sea  fish  traps  previously  described.  A  dozen  or  fifteen  specimens  are  some- 
times taken  In  a  single  trap  In  the  course  of  a  day.  Very  fine  specimens  of  the 
delicate  paper  nautilus  are  occasionally  obtained. 

The  shells  of  certain  of  the  marine  mollusks  serve  a  variety  of  purposes  apart 
from  that  of  making  lime.    Some  of  them  with  hard  and  serrated  edges  aro 
used  In  harvesting  rice  for  cutting  the  straw.    From  the  great  opercula  of 
others  bracelets  and  other  ornaments  are  carved.     Some  of  the  more  beautiful  » 
species  are  utilized  In  other  ways  for  the  formation  of  ornaments.    The  cowries, 
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formerly  used  In  lieu  of  money  In  certain  countries,  have  ceased  to  possess  any 
commercial  value.  The  taclabo  (tridacna)  shells  are  so  hard  that  the  Moros 
sometimes  pound  them  up  and  ram  the  pieces  into  their  rude  cannon,  thereby 
providing  themselves  with  projectiles  which  are  very  effective  at  short  ranga 
The  land  mollusks  of  the  Philippines  have  already  been  quite  thoroughly 
classified.  Much  still  remains  to  be  done  with  the  marine  species,  which  will 
doubtless,  however,  present  fewer  new  and  peculiar  forms  than  have  been 
found  on  land. 


(Extract  from  the  Monthly  Summary  of  Commerce  of  the  Philippine  Islands.  Jan- 
uary, 1001.) 

MOTHER-OF-PEARL  AND  PEARLS  IN  STJLTT  SEAS. 

One  of  the  Many  Sources  of  Wealth  in  the  Philippines. 

It  may  be  interesting  to  the  American  people  to  know  something  of  this 
hitherto  practically  unknown  resource  of  the  Philippine  waters. 

During  the  year  1809  the  value  of  shells  not  sawed,  cut,  polished,  or  other- 
wise manufactured  imported  into  the  United  States  for  home  consumption 
was  $969,349,  and  in  1900,  $1,016,728.54.  It  will  be  Interesting  to  the  skilled 
wage-worker  in  this  branch  of  American  industry  to  know  that  the  manufac- 
ture of  shells,  mother-of-pearl,  etc.,  is  now  done  almost  entirely  in  the  United 
States.  In  the  years  above  named  but  $82,610.40  and  $88,362.32  respectively 
of  shell  and  mother-of-pearl  manufactures  of  all  kinds  were  entered  for  con- 
sumption. These  figures  compared  with  the  shell  imports  given  will  tell  their 
own  story. 

There  was  a  time  when  Manila  was  the  center  of  this  valuable  trade,  but  the 
restrictive  policy  of  the  then  supreme  government  drove  it  to  Singapore,  the 
British  emporium  of  the  Straits  Settlement.  It  will  now  be  in  order  to  bring 
this  trade  back.    At  present  the  Chinese  and  English  have  a  monopoly  at  Sulu. 

The  value  of  this  product  at  Sulu  alone  since  January,  1900,  according  to  the 
custom-house  returns,  was  222,814  pounds  of  mother-of-pearl  shells,  valued  at 
$75,712 ;  black  shells,  1,114  pounds,  value  $440 ;  and  snail  shells,  17,708  pounds, 
$5,609;  total,  $81,761.  The  same  amount  was  exported  approximately  from  the 
port  of  Slassi,  in  the  Tapul  group,  which  would  make  an  aggregate  of  483,242 
pounds,  value  $143,522,  from  these  two  Sulu  points.  This  does  not  include  the 
value  of  the  pearl  taken  from  the  mother-of-pearl  shell,  the  finest  of  which  at 
present  go  to  the  Sultan  of  Sulu  as  royalty. 

An  idea  may  be  formed  of  the  value  of  these  fisheries,  as  now  operated,  when 
it  is  mentioned  that  the  present  Philippine  Pearling  and  Trading  Company, 
with  headquarters  at  Manila,  is  said  to  be  owned  chiefly  by  the  chartered  Bank 
of  India,  Australia,  and  China,  the  Hongkong  and  Shanghai  Bank,  and  Holli- 
day,  Wise  &  Co.,  of  Manila.    It  has  also  small  shareholders  all  over  the  world. 

In  regard  to  pearls,  Mr.  Streeter,  the  best  English  expert,  after  years  of 
experience  with  a  station  at  Laminusa,  near  Siassi,  says  that  the  Sulu  Archi- 
pelago produces  the  finest  round  pearls  in  the  world.  The  first  point  of  excel- 
lence in  a  pearl  is  perfect  sphericity.  Brig.  (Jen.  John  C.  Bates  reported  the 
Sulu  pearl  fisheries  of  great  value,  though  still  In  their  infancy. 

The  Sulu  waters  produce  the  finest  type  of  what  is  known  as  the  Meleagrina 
margaritifera,  the  very  best  of  the  pearl-bearing  mollusks. 

The  known  pearling  area  in  the  Sulu  and  Celebes  seas  is  15,220  square  miles. 
It  is  believed  that  more  than  double  that  area  possesses  the  physical  conditions 
necessary  to  the  best  form  of  pearl  oyster  life  and  the  narceous  shell  which 
contains  it.  Siassi,  in  the  Tapul  group  of  the  Sulu  Archipelago,  is  the  strategic 
center  of  the  most  active  pearling  industry.  There  are  a  number  of  fishing 
villages  and  several  thousands  fishers  in  the  vicinity.  The  old  style  of  naked 
diving  is  being  superseded  by  modem  equipment  and  method. 

The  monopoly  of  the  shell  and  pearl  product  of  the  immediate  waters  of 
Sulu,  the  capital  of  the  archipelago,  is  reported  to  be  held  by  a  Chinese  head- 
man, who  operates  a  fleet  of  6  boats  of  10  tons  each  and  crews  of  7  men  and  a 
captain  each.  A  cruise  lasts  three  weeks,  each  boat  producing  from  1,500  to 
2,500  pounds  of  shells  in  that  time.  The  fleet  is  in  charge  of  a  supercargo, 
who,  among  other  duties,  looks  after  the  pearls  found.  Most  of  the  shells  are 
sent  to  Singapore,  instead  of  Manila,  in  baskets,  where  they  bring  W5  ($55 
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Spanish)  per  picul  (133i  pounds).  The  pearls  are  also  marketed  there,  some 
having  been  found  of  estimated  value  of  W0,000  ($10,000  Spanish).  The  prin- 
cipal sources  of  supply  of  the  mother-of-pearl  shell  of  the  world  are  Sulu,  Tor- 
res Straits,  Queensland,  and  western  Australia.  Manila  lost  its  prominence  in 
1886,  previous  to  which  it  was  the  great  center  of  this  trade  in  the  Oriait.  The 
shells  were  then  known  as  "  Manilas,"  and  were  recognised  as  the  very  finest 
in  the  market  and  commanded  the  highest  prices. 

The  value  of  pearls  in  their  natural  state  or  split,  imported  into  the  United 
States  for  home  consumption,  was: 

1899 $1,802,851 

1900 4,5©5,910 

1901  (for  nine  months  ending  March  31) 1,086,480 

At  present  Great  Britain  monopolizes  the  export  of  shells  ftt)m  the  shell  and 
pearl  *'  grounds  *'  of  the  world,  there  being  in  1898  the  largest  available  returns, 
as  follows: 

Ceylon    (British) $14,001.06 

(Now  in  a  state  of  recuperation.) 
Hongkong   (British) 175,825.40 

(Cut  almost  wholly  out  of  former  Manila  trade.) 
Philippines  and  Ladrones  (Spanish) 8,757.72 

(The  effect  of  lost  trade  in  their  own  product.) 

Singapore   (British) 501,253.40 

Queensland  (Torres  Strait)   (British) 564,149.08 

Western  Australia  (British) 22,703.86 

(Suffering  from  effects  of  overfishing.) 

It  is  not  necessary  to  say  that  the  mother-of-pearl  shell  is  used  for  the 
ornamentation  of  ladies'  fans  and  card  cases,  knife  handles,  expensive  dreming- 
case  equipments,  buttons,  stained  glass  decorations,  and  a  long  list  of  articles 
in  which  esthetic  taste  and  expert  handicraft  are  combined. 


(Extracts  from  the  Monthly  Summary  of  Commerce  of  the  Philippine  Islands,  March,  1901, 

p.  703.) 

Professor  Taylor  writes :  "  There  are  extensive  pearl  fishing  grounds  in  the 
waters  along  the  coasts  of  Mindanao  and  the  Sulu  Archipelago.  The  pearls 
from  the  Snlu  Islands  are  very  fine  and  a  large  trade  is  done  there  with  foreign 
phlps  in  pearl  and  mother-of-pearl.  The  pearl  fisheries  of  Zamboanga,  on  Min- 
danao, are  also  very  good." 

******  « 

Professor  Worcester,  in  his  work  on  the  "  Philippine  Islands,"  says :  "  Near 
Sulu  there  are  extensive  beds  of  pearl  oysters  which  yield  beautiful  shells  and 
very  fine  pearls  as  well.  At  present  the  fisheries  are  entirely  In  the  bands  of 
Moro  divers,  and  all  pearls  above  a  certain  sIto  go  by  right  to  the  Sultan  of 
Sulu.    The  smaller  ones,  as  well  as  the  shells,  are  sold  to  Chinese  buyers." 


(From  Census  of  Philippine  Islands,  1903,  vol.  4,  p.  634-536.) 

PEABL  7ISHEBIE8. 

Fishing  for  mother-of-pearl  shells  and,  incidentally,  for  pearls,  Is  carried  on 
to  some  extent  in  the  waters  of  the  Sulu  Archipelago.  The  Instruments  used  tn 
this  Industry  are,  for  the  most  part,  crude  and  of  small  effectiveness,  though 
there  are  a  few  shell-fishing  outfits  equipped  with  modem  diving  apparatus — 
helmet,  waterproof  suit,  pump,  etc.  The  shells  are  pl«itlful  and  valuable,  and 
pearls  are  frequently  found,  sometimes  very  fine  ones  of  high  value.  The  In- 
dustry Is  said  to  be  extremely  profitable,  and  Is  believed  to  be  capable  of  great 
enlargement.  The  Investment  of  comparatively  small  capital  will.  It  Is  said, 
yield  large  returns  under  Intelligent  and  businesslike  management. 
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The  following  interesting  account  of  Moro  fishing  for  sharks,  sea  worms, 
shells,  and  pearls  in  the  southern  seas  is  taken  from  the  report  of  Gapt.  H.  R. 
Hickock,  U.  S.  Army,  the  supervisor  of  census  for  the  district  of  Siassi : 

**  All  of  the  Moros  are  fishermen  to  a  greater  or  less  extent. 

******* 

"In  fishing  for  mother-of-pearl  shells  the  months  of  April,  May,  and  June, 
and  November,  December,  and  January  are  the  most  favorable,  and  practically 
none  is  done  at  any  other  period.  These  seasons  are  determined  by  the  char- 
acter of  the  winds,  the  calm  weather  being  an  essential  to  success.  Pearls  are 
found  mostly  in  water  about  50  fathoms  deep. 

"  The  apparatus  used  consists  of  a  rake,  the  teeth  of  which  are  very  long, 
thick,  and  curved ;  the  handle  being  comparatively  short.  The  whole  apparatus 
distinctly  resembles  a  cradle,  such  as  was  used  in  the  United  States  for  cutting 
grain  thirty  to  fifty  years  ago,  and  if  suspended  by  the  end  of  the  handle  will 
take  a  horizontal  position.  To  the  end  of  the  handle  is  attached  a  piece  of 
bejuca  (rattan)  about  one-half  to  three-quarters  of  an  inch  thick.  At  the  head 
of  the  handle  is  attached  another  piece  of  bejuca  about  half  as  thick  as  that 
at  the  other  end.  In  length  each  piece  of  bejuca  is  about  one  and  a  half  times 
the  depth  of  the  water  in  which  they  fish. 

**  One  of  these  apparatus  is  dropped  overboard  and  the  boats  are  paddled  with 
the  tide.  When  it  is  felt  that  the  rake  is  full,  it  Is  lifted  by  means  of  the  thick 
length  of  the  bejuca,*  and  the  contents  emptied  into  the  boat.  Should  the  rake 
become  lodged  at  the  bottom  of  the  sea,  it  is  pulled  out  by  means  of  the  thinner 
bejuca,  and  the  operation  proceeds  as  before. 

''  When  the  tide  turns,  the  boats  also  turn  and  go  with  it. 

**  The  shells  having  been  deposited  at  the  bottom  of  the  boat  are  opened  by 
means  of  a  sharp  knife,  with  which  they  cut  out  the  oyster,  which  they  then 
search  for  flesh  pearls.  These  latter  are  uniformly  the  finest.  The  points  to  be 
sought  in  a  pearl  are  size,  color,  and  luster,  sphericity,  and  freedom  from  spots, 
specks,  and  blemishes.  Pearls  taken  from  the  surface  of  the  shell  itself  are 
always  deficient  in  some  of  these  respects. 

**  In  shallow  water,  where  the  bottom  can  be  seen,  men  dive  for  the  shells. 
The  boats  are  paddled  along  slowly  with  the  tide;  a  man  in  the  bow  keeps  a 
close  watch  upon  the  bottom  of  the  sea,  and  when  a  shell  Is  seen  he  dives  head 
first  to  secure  It  Some  of  the  men  are  expert  divers,  going  to  a  depth  of  18  to 
20  fathoms,  unaided  by  the  use  of  weights. 

"Diving  apparatus — helmet,  waterproof  suit,  pump,  etc.,  Is  not  used  by  the 
Slassi  natives,  though  some  of  the  boats  from  Jolo  that  fish  In  this  vicinity 
are  so  equipped. 

"A  large  pair  of  shells  will  weigh  10  to  12  pounds, 

"  It  is  estimated  that  probably  more  than  2,000  boats  In  the  Siassi  group  are 
more  or  less  engaged  in  pearl  fishing. 

"The  average  annual  product  Is  estimated  at  over  2,000  plculs  (137  pounds) 
of  mother-of-pearl  shells,  for  which  the  Chinos  pay  80  pesos  per  plcul,  or, 
say,  a  total  product  for  the  shells  alone  of  160,000  pesos. 

"  The  finding  of  pearls  is  merely  incidental  to  the  larger  Industry. 

"During  the  past  year  some  pearls,  each  worth  $3,000  local  currency,  were 
brought  In. 

"  The  sale  of  pearls  Is  much  hampered  by  the  chiefs.  The  natives'  lives  are 
very  open.  Whenever  a  man  does  anything  the  fact  is  usually  generally  known. 
Due  to  the  autocratic  power  possessed  by  the  chiefs,  they  claim  and  take  nearly 
everything  they  wish.  If  a  fisherman  finds  a  pearl  of  any  value  It  Is  at  once 
appropriated  by  the  chief.  Should  he  have  sold  it  and  his  chief  hears  of  the 
feet,  the  man  would  be  fined  a  greater  sum  than  the  value  of  the  pearl,  or 
otherwise  punished.  This  leads  to  sequestration  of  their  funds  and  to  clandes- 
tine dealings  with  the  Chinese  traders." 

The  supervisor  of  census  for  the  Tawl  Tawl  group  of  Islands,  Capt.  K.  W. 
Walker,  U.  S.  Army,  In  his  report  to  the  director  of  the  Philippine  census,  says 
that  practically  the  entire  population  Is  engaged  In  fishing.     ♦    ♦    ♦ 

In  speaking  of  shell  and  pearl  fishing  in  the  waters  of  the  Tawl  Tawl  group, 
the  supervisor  says: 

"Another  Industry,  which  sometimes  gives  good  returns,  is  pearl  fishing. 
This  is  carried  on  at  the  islands  of  Obian,  Sokubong,  Landubas,  Sibutu,  Sitan- 
kan,  and  T^tuan.  The  mother-of-pearl  is  shipped  to  Singapore,  and  fishing 
for  it  Is  a  good  business,  with  always  the  element  of  chance  that  a  valuable 
pearl  may  be  found." 
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(Extract  from  the  Handbook  and  Catalogue  of  the  Philippine  Exiiibit,  St.  Louis,  1904, 

p.   153.) 


The  true  pearl  oysters  are  fonnd  in  the  southern  waters  of  the  archipelago, 
along  the  coasts  of  Paragua,  Mindanao,  and  in  the  Jolo  Archipelago.  They 
are  particularly  fine  and  abundant  in  the  latter  r^on,  and  very  valuable 
pearls  are  frequently  obtained  there.  It  is  stated  that  the  pearl-shell  fisheries 
rank,  so  far  as  quality  of  product  and  possibility  of  development  is  concerned, 
with  the  famous  ancient  grounds  of  Ceylon  and  the  Persian  Gulf.  The  pearls 
themselves,  valuable  as  they  are,  are  simply  a  by-product  of  the  pearl-oyster 
shell,  the  mother-of-pearl  of  commerce  being  the  principal  object  of  the  fish- 
erman's quest.  These  shells  weigh  from  1  to  8  iK)unds  per  pair,  some  of  them 
being  as  large  as  a  dinner  plate,  and  almost  as  round. 

The  conditions  essential  to  the  most  perfect  development  of  the  mother-of- 
pearl-bearing  mollusk  are  a  reefy  bottom  near  mud.  In  its  surroundings  there 
is  often  a  luxurious  supply  of  submarine  vegetation,  coral  cups,  and  another 
beautiful  coral  growth  resembling  **  coach  whips  "  4  or  5  feet  in  length.  Sweep- 
ing tides  and  an  abundance  of  living  reefs  are  particularly  favorable  to  the 
perfecting  of  this  beautiful  iridescent  growth. 

The  shell  is  an  important  article  of  commerce,  its  value  being  dependent 
upon  the  quality  of  its  hard,  silvery  iridescent  or  nacreous*  lining. 

The  varieties  known  to  commerce  are  the  white,  the  golden-edged,  and  the 
black-edged  shells,  the  market  value  ranging  from  $300  to  $900  per  ton,  ac- 
cording to  quality  and  the  source  of  production,  and  the  Jolo  shells  ranking 
the  highest  in  the  market 

There  are  probably  no  more  expert  divers  in  the  world  than  the  Moros  who 
are  engaged  in  pearl-shell  fishing. 


(Extract  from   statement  of  Hon.   William   H.  Taft,  before  the  Committee  on  Insular 

Affairs.  March  14.  1904.) 

Mr.  Pattebson.  Are  the  pearl  fisheries  valuable? 

Secretary  Taft.  I  think  they  are  fairly  so ;  there  is  no  great  wealth  in  them. 
The  Chinamen  are  the  men  who  control  the  pearl  industry.  They  are  the  per- 
sons who  take  leases  from  the  Sultan  ordinarily  or  from  the  datto  in  the  neigh- 
borhood. The  difficulty  there  has  been,  and  that  is  one  reason  why  the  treaty 
should  have  been  abrogated  some  time  ago,  relating  to  all  these  rights.  The 
army  has  been  modest  and  restrained  about  interfering  and  it  was  the  most  pow- 
erful datto  in  the  neighborhood,  who  usually  exercised  his  authority  and  let 
somebody  go  in  and  fish,  and  there  was  nothing  but  the  right  of  force  that  abso- 
lutely controlled. 

The  Chairman.  There  is  no  possible  way,  is  there,  in  which  the  making  of 
the  Bates  agreement  in  the  first  instance  or  its  abrogation  now,  either  by  the 
military  power  or  by  Congress,  could  in  any  way  affect  the  pearl-fishery  rights 
or  any  other  rights  of  the  dattos  or  Sultan  under  any  treaty  they  had  with 
Spain? 

Secretary  Taft.  No,  sir. 


(From  Report  of  the  Philippine  Commission^  part  2,  1905,  p.  2.) 

Administrative  control  over  fish  and  fisheries  remains  vested  in  the  Depart- 
ment of  the  Interior,  but  there  exists  no  organization  for  the  exercise  of  such 
control  nor  for  the  investigation  of  fish  and  fisheries. 

In  view  of  the  importance  of  our  pearl  fisheries,  of  the  probability  that  in- 
vestigation would  lead  to  the  discovery  of  expensive  sponge  reefs,  and  of  the 
great  importance  of  marine  and  fresh-water  fish  as  a  source  of  food  supply,  it 
is  important  that  practical  work  looking  to  the  investigation  and  development 
of  fisheries  should  be  inaugurated.  I  believe  that  this  work  might  result  more 
profitably  than  do  some  of  the  lines  of  investigation  which  we  are  at  present 
pursuing,  but  thus  far  It  has  seemed  impracticable  to  take  it  up  on  account  of 
the  limited  resources  of  the  Government 
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{Page  SO.) 

Our  pearl  fisheries  are  at  the  present  time  quite  important,  and  investigation 
would  doubtless  reveal  the  presence  of  extensive  pearl-oyster  beds  in  the  shal- 
low waters  west  of  Palawan  and  at  other  points  in  the  southern  and  central 
portions  of  the  archipelago.  The  subject  of  artificially  fertilizing,  rearing,  and 
planting  pearl-oysters  might  richly  repay  careful  investigation. 

Apart  from  pearl  oysters,  various  other  marine  mollusks  produce  shells  val- 
uable for  button  making  or  for  other  purposes. 

Sponges  of  excellent  quality  are  known  to  exist  and  a  systematic  search  for 
sponge  reefs  would  doubtless  be  well  repaid. 


(From  the  Far  Eastern  Review,  May,  1906,  p.  410.) 

PB0DTTCT8  OF  THE  SEA. 

Caracoles,  or  sea-snail  shells,  are  used  in  making  buttons.  The  industry  is 
new  in  the  Sulu  Archipelago,  shipments  having  been  made  only  during  the  last 
few  months.  The  shells  are  composed  of  a  substance  resembling  mother-of- 
pearl,  which  is  considerably  softer  than  the  latter  and  more  easily  worked.  It 
is  readily  made  into  buttons,  and  there  is  now  a  factory  in  Manila,  La  Ck>ncha, 
which  utilizes  shells  of  a  similar  quality.  The  caracole  industry  is  one  which 
can  readily  be  developed  in  the  Sulu  Sea  and  which  promises  large  returns  to 
the  investor.    At  the  present  time  caracole  is  nothing  more  than  a  by-product 


(From  the  Far  Eastern  Rerlew,  Maj.  1006,  p.  418.) 
PXAUJVO  A  DAHaBEOUS  AHD  XTSTS&IOXTS  DTDTTSTXY  AT  JOLO. 

Pearling  is  a  mysterious  industry.  A  large  amount  of  capital  and  thousands 
of  lives  are  risked  each  year  in  delving  into  ocean  deptlis  for  the  great  rough- 
shelled  bivalve,  which  occasionally  contains  a  pearl  worth  a  king's  ransom. 
Because  of  the  great  risks  involved  and  the  possible  fortune  to  be  gained,  the 
industry  has  a  fascination  scarcely  to  be  resisted  by  those  who  have  once 
experienced  it.  Because  of  the  great  variety  of  people  who  search  for  pearls, 
the  vast  area  of  the  hunting  grounds,  the  centuries-old  customs  of  the  Moros, 
and  the  special  laws  covering  the  industry,  no  reliable  statistics  can  be  ob- 
tained that  will  approximate  the  profits.    The  business  is  therefore  mysterious. 

Pearling  is  a  game  of  hazard  for  high  stakes.  The  pearler  must  risk  capital 
and  human  life,  must  brave  the  sea,  and  go  prepared  to  fight  for  his  ri^ts 
with  savage  men;  and  he  must  pay  the  taxes  and  divide  the  profits  with  the 
shrewd  traders  from  Ceylon  and  Singapore. 

Sometimes  fortune  smiles.  Three  years  ago  a  single  pearl  was  marketed 
in  the  Celebes  for  ^96,000.  It  came  from  the  Sulu  Sea.  During  the  following 
year  a  pearl  brought  to  Jolo  was  sold  in  Singapore  for  n2,000,  and  last  year 
one  sold  for  »,780.  Such  finds  rarely  come  to  public  notice.  Shrewd  traders 
are  always  on  hand  to  snatch  them  away  from  the  ignorant  and  fearful  divers, 
and  the  jewel  is  first  exposed  for  sale  in  Paris  or  London  or  a  Dutch  port 
Probably  the  man  who  places  it  on  the  market  does  not  know  or  care  for  its 
history. 

Thousands  of  pearls  of  less  value  are  found  every  year,  ranging  in  price  from 
^0.50  to  n,000.  Sometimes  a  rough-looking  pearl^  by  the  process  of  skinning, 
is  reduced  to  a  smaller  but  more  perfect  gem  and  its  value  enhanced  a  hun- 
dredfold. 

Jolo  is  one  of  the  foremost  pearling  ports  of  the  world.  The  Chinese  have 
large  interests  in  the  industiy,  and  there  are  Americans,  Spaniards,  Filipinos, 
Ceylonese,  Singalese,  and  Arabs  in  it  as  well.  All  Moros  are  interested  in 
pearling  and  a  considerable  percentage  of  the  population  of  the  Sulu  Archipelago 
actually  gains  a  livelihood  by  engaging  in  this  perilous  business.  It  may  be 
said  that  the  entire  population  of  Jolo  dabbles  in  pearls.  Curbstone  traders 
are  numerous,  and  they  have  to  offer  a  tremendous  variety  of  sizes  and  shapes, 
colors  and  klnd&  The  person  who  has  the  least  instincts  of  a  trader  can  not 
resist  the  temptation  to  buy  and  pit  his  Judgment  against  that  of  the  seller. 

Pearl  shells  are  themselves  very  valuable  in  the  markets  of  the  world.  The 
mother-of-pearl  taken  from  them  commands  a  high  price.  It  is  maintained  that 
the  shell  alone  pays  a  good  profit  on  a  substantial  investment,  and  that  the 
pearls  taken  from  the  catch  are  clear  profit  At  the  present  time  the  monthly 
shipments  of  shells  from  Jolo  amounted  to  about  150  piculs,  valued  at  ^45  per 
picul  in  Jolo.  As  it  does  not  take  more  than  30  to  35  pairs  of  shells  to  make 
a  picul,  a  good  gathering  of  shells  is  extremely  profitable. 

Nearly  all  shells  contain  pearls  of  more  or  less  value.  Captain  Tiana,  the 
prominent  Chinese  merchant  who  has  been  many  years  in  the  industry,  says 
that  in  the  general  run  the  value  of  pearls  taken  will  equal  the  value  of  shells; 
that  is,  not  counting  on  any  very  valuable  pearls,  which  are  rare. 

Business  Houses. 

The  two  leading  business  houses  of  Jolo— Hernandez  &  Co.  and  the  Jolo 
Trading  Company — ^are  both  dealers  in  pearls  and  shells.  Messrs.  J.  H.  S.  T&' 
rajon,  Stephen  Jurika,  and  Ison,  the  leading  members  of  Hernandez  &  Co.,  own 
a  considerable  fleet  of  pearling  balandras  (sloops),  and  most  of  their  operations 
are  in  deep  water.  The  accompanying  photographs  of  their  divers  at  work 
were  taken  especially  for  The  Far  Eastern  Review  by  Aeronaut  Oibbs,  and  are 
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excellent  in  detail.  Hitherto  Filipino  diirers  have  been  employed,  but  at  the 
present  time  Japanese  are  being  tried  as  an  experiment  The  Moros  do  not  care 
to  dive  in  bells. 

Desorlptioii  of  the  Pearling  Industry. 

The  following  fbcts  abont  the  pearling  industry  in  Snlu  waters  have  been 
compiled  by  Mr.  Herman  Schnck,  who  has  resided  in  Jolo  for  many  years  and 
has  made  a  careful  study  of  the  business  from  every  point  of  view : 

The  Moros  have  three  ways  of  getting  the  shells  out  of  the  sea.  One  is  by 
actual  diving.  The  diver  goes  down  with  only  a  handkerchief  and  a  piece  of 
rope  around  his  waist ;  he  never  goes  down  quite  naked,  this  being  against  the 
custom  of  his  people.  Before  a  diver  goes  down  he  always  says  his  prayers 
and  commends  his  soul  to  God.  This  diving  is  called  "maksaap**  (to  risk), 
because  in  the  operation  the  diver  is  risking  his  life  and  also  risking  the  chance 
of  getting  a  shell.  In  former  days,  when  shells  were  plentiful,  divers  would 
go  down  to  a  depth  of  8  to  12  fathoms,  but  gradually  they  had  to  go  deeper 
and  deeper,  and  nowadays  there  are  divers  who  will  go  down  20  fathoms. 

The  best  divers  live  in  the  villages  of  Parang,  called  Nunukan  and  Langan 
Oitung.  There  the  fathers  teach  their  sons  the  art  of  diving,  and  this  is  from 
generation  to  generation.  The  second  best  divers  live  on  the  Island  of  Patlan ; 
the  third  best  are  the  Samals  of  Slcubun.  There  are  no  other  divers  in  the 
archipelago.  If  a  diver  is  found  In  any  other  place  his  nativity  Is  generally 
traced  to  either  of  the  foregoing  habitations.  These  divers  usually  do  the 
work  in  partnership  of  two,  seldom  more,  and  even  if  either  of  them  should 
not  get  a  shell  during  an  expedition  the  proceeds  always  will  be  honestly 
divided. 

These  divers  have  good  fishing  grounds  near  the  villages,  but  they  used  to 
make  expeditions  to  other  Islands  and  stay  away  from  their  homes  for  a 
month  or  two.  These  expeditions  were  made  sometimes  twice,  sometimes  three 
times  a  year ;  it  depended  mostly  on  the  weather.  Nowadays  these  expeditions 
are  seldom,  as  there  Is  no  security,  and  the  people  of  Parang  and  Patlan  are 
afraid  to  leave  their  homes  for  any  length  of  time,  not  knowing  what  might 
happen  to  their  unprotected  families  In  their  absence.  Another  reason  for 
this  Is  that  the  ancient  custom  of  giving  the  biggest  pearls  which  are  found  to 
the  Sultan  has  been  abused,  very  likely  on  both  sides.  The  people  having 
learned  the  value  of  money  and  also  the  price  of  pearls,  think  It  unjust  that 
the  Sultan  and  dattos  make  them  give  up  the  pearls  at  such  low  prices.  The 
result  Is  that  a  great  many  pearls  are  secretly  sold  to  traders.  Again,  the 
Moro  never  gets  the  right  price  for  the  really  good  pearl,  because  If  he  has 
shown  It  to  the  trader  he  dares  not  go  away  without  selling  it  to  him  for 
fear  that  the  trader  might  betray  him  to  the  chief;  the  only  satisfaction  the 
Moro  gets  Is  that  the  pearls  are  bought  for  double  or  three  times  by  the  trader 
what  the  Sultan  or  dattos  would  pay  him. 

In  former  times  the  Sultan  and  the  dattos  made  up  the  loss  they  sustained  by 
their  subjects  selling  pearls  secretly  by  fining  the  divers  whom  it  was  reported 
had  sold  datto  pearls.  The  Sultan,  for  instance,  was  told  that  so  and  so  had 
recently  become  rich ;  so  surely  he  must  have  sold  a  pearl,  or  how  did  he  obtain 
all  these  fine  things  In  such  a  small  space  of  time?  At  once  some  of  the  Sultan's 
messengers  were  sent  out  to  fine  that  man  1^,000.  Without  trial  the  man 
would  have  to  pay,  unless  the  messengers  could  be  bargained  with — ^whlch 
was  usual — for  a  lower  fine.  In  case  the  man  and  all  his  friends  swore  that 
he  had  not  sold  a  pearl,  then  he  was  condemned  to  pay  the  court  fees,  which 
were  20  per  cent  of  the  amount  of  the  fine.  This  custom  was  carried  so  far 
that  a  great  many  of  the  Patlan  divers  left  and  went  to  different  places,  some 
as  tAT  as  Basllan,  at  XJblng,  where  Serlp  Amlna  and  Serlp  Agll  governed. 
The  Slcubun  divers  were  under  the  jurisdiction  of  Dattos  Kabbi  and 
Jokanaln.  Parang  and  Patlan  were  under  the  Sultan.  The  Sultan  and  dattos 
have  no  longer  the  power  to  control  the  pearling  industry,  it  having  been 
taken  away  from  them  by  the  American  authority. 

The  second  way  of  fishing  for  mother-of-pearl  shells  Is  with  a  5-pronged 
dredge  let  down  with  a  rattan.  This  dredge  Is  called  *'  badja,"  which  signifies 
plowing ;  the  places  where  these  dredges  are  used  are  called  **  bar jaan."  This 
dredge  can  only  be  used  where  the  bed  is  free  from  rocks.  The  diver  starts 
to  drop  the  dredge  at  the  upper  end  of  the  current,  and  the  latter  being  very 
strong  it  will  take  the  boat  right  along  without  any  effort  of  the  boatm^i, 
pulling  the  dredge  behind  along  the  bottom.     When  the  dredge  catches,  it 
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is  polled  op,  bringing  sometimes  a  shell,  sometimes  a  stone.  When  the  boat 
reaches  the  lower  end  of  the  fishing  ground,  it  is  paddled  bade  against  the 
current  to  the  upper  end,  and  so  it  goes  back  and  forth  until  the  tide  turns. 
Then  the  current  is  not  strong  enough  to  pull  the  dredge. 

There  are  generally  two  men  in  a  boat,  seldom  three.  The  dredging  grounds 
are  t)etween  17  to  35  fathoms  in  depth,  and  most  of  them  cover  a  large  water 
area. 

The  third  way  of  getting  the  shells  is  by  using  a  d-pronged  catcher.  This 
is  let  down  by  a  rattan  rope.  The  Moros  call  this  **mag  tung  tung,**  which 
signifies  ''to  let  down."  The  fishermen  can  only  work  at  this  when  the  sea 
is  absolutely  calm,  because  the  least  ripple  will  prevent  th^n  from  seeing 
the  shell  at  the  bottom  of  the  sea.  Another  pohit  is,  the  sea  must  be  voy 
clear.  If  storms  prevail  and  the  sea  is  much  stirred  up,  the  water  remains 
dirty  and  the  fishermen  will  not  be  able  to  see  to  the  bott<Mn.  Sometimes 
they  are  able  to  see  bottom  down  to  100  feet,  other  times  not  more  than  40 
to  50  feet;  so  the  Moros  watch,  and  if  the  sea  is  clear  it  is  immediately 
Icnown  all  over  the  different  islands  and  sometimes  300  to  400  boats  are  at 
work  in  one  place. 

At  the  places  where  the  people  dredge  and  use  the  catcher  the  shells  lie 
scattered,  seldom  two  together ;  therefore  the  diver  never  goes  to  these  places. 
On  the  other  hand,  the  people  who  do  not  dive  never  invade  the  grounds  where 
divers  operate,  l>ecause  these  areas  are  generally  too  rodcy  for  the  dredger 
and  too  deep  for  the  catcher. 

The  fishermen  who  use  the  diving  suit  go  down  wherever  they  find  a  place, 
generally  to  a  depth,  where  the  Moros  use  the  dredger  and  catcher,  of  30 
fathoms.  They  hardly  ever  work,  because  the  shells  are  too  scattered  and  it 
does  not  pay  them;  but  there  are  some  dredging  grounds  where  the  shells 
are  very  thick,  and  if  the  sloops  once  operate  in  such  a  place,  it  generally 
takes  years  for  another  growth  of  shells.  If  the  life  of  a  sh^l  is  twelve 
years,  which  is  claimed  for  it,  to  be  of  any  value  it  has  to  be  seven  to  eight 
years  of  age. 

Most  of  the  fishing  places  are  luiown  by  the  Moros,  the  landmarlLS  being 
handed  down  from  father  to  son. 

Special  laws  have  been  made  by  the  Philippine  Commissiim  governing  the 
pearling  industry.  The  Sultan  and  his  followers  have  no  longer  any  legal 
right  to  collect  fines  and  penalties,  but  the  custom  has  obtained  for  so  long  that 
the  ignorant  people  still  fear  the  power  of  the  Sultan,  and  have  not  yet  gained 
sufficient  confidence  in  the  American  Government  to  acc^t  its  guaranty  of 
protection. 


(Fbr  Eastern  Review,  November,  1906,  p.  196.) 
PEAELIHG  nrDXrSTBY  IN  THE  BVLV  WATERS  OF  THE  PHIIJPPZHS8. 

The  legislative  council  of  the  Moro  Province,  Philippine  Islands,  has  passed 
an  act  amending  the  pearl-fishing  law  of  the  province,  by  striking  out  the  clause 
requiring  vessels  engaged  in  the  trade  to  be  built  in  the  United  States  or  In  the 
Philippines.    As  amended  the  section  reads : 

*'  No  license  to  engage  in  the  fishing  for  or  the  gathering  of  shells  of  marine 
mollusca  ♦  ♦  ♦  shall  be  issued  to  any  vessel  not  wholly  owned  by  citizens 
of  the  United  States,  honorably  discharged  soldiers  of  the  army  or  sailors  of 
the  navy  of  the  United  States,  natives  of  the  Philippine  Islands,  or  persons 
who  have,  under  and  by  virtue  of  the  treaty  of  Paris,  acquired  the  political 
ri^ts  of  natives  of  the  Philippine  Islands." 

8nla  Pearl  Fisheries. 

Fishing  for  mother-of-pearl  shells  and,  incidentally,  for  pearls  is  carried  on 
to  a  considerable  extent  in  the  waters  of  the  Sulu  Archipelago,  the  town  of 
Jok)  being  rated  one  of  the  foremost  pearling  ports  of  the  world. 

The  industry  is  said  to  be  very  profitable,  and  it  is  believed  to  l>e  capable 
of  great  enlargement  The  investment  of  comparatively  small  capital  will,  it 
is  said,  yield  large  returns  under  intelligent  and  business-like  managemeit 
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The  greatest  pearl  ever  claimed  from  the  Snlu  8ea,  however,  was  recently 
marketed  in  Singapore  for  ?*60,000.  It  is  the  size  of  a  marble,  perfectly  round 
and  flawless,  and  of  exquisite  color.  The  gem  was  found  by  a  poor  Moro  fisher- 
man, seized  by  the  Sultan  of  Sulu  and  marketed.  The  district  governor  of 
Jolo  learned  of  the  transaction  and  saw  that  the  fisherman  received  the  justice 
due  to  him  through  court  procedure.  The  Sultan  was  compelled  to  disgorge  the 
pearl,  and  then  the  district  governor  commissioned  the  Jolo  Trading  Company 
to  sell  it  for  the  benefit  of  the  finder,  which  was  done  as  at>ove  stated,  the 
company  receiving  a  commission  of  10  per  cent 

♦  ♦  ♦  Manila  is  becoming  a*  good  market  for  mother-of-pearl,  where  there 
is  now  in  operation  a  very  profitable  factory  for  the  manufacture  of  buttons, 
knife  handles,  etc.,  and  mother-of-pearl  novelties-  of  every  description.  Singa- 
pore is  also  a  good  market.  A  large  pair  of  shells  will  weigh  10  to  12  pounds. 
The  finding  of  pearls  is  merely  incidental  to  the  larger  industry. 

Xethods  of  Fishing. 

• 

At  the  present  it  is  estimated  that  more  than  2,000  boats  have  been  equipped 
and  made  ready  for  the  beginning  of  the  fall  fishing  which  will  be  inaugurated 
before  November  5. 

The  apparatus  used  for  shallow-water  dredging  consists  of  a  rake,  the  teeth 
of  which  are  very  long,  thick  and  curved ;  the  handle  being  comparatively  short. 
The  whole  apparatus  distinctily  resembles  a  cradle,  such  as  was  used  in  the 
United  States  for  cutting  grain  thirty  to  forty  years  ago,  and  If  suspended  by 
the  end  of  the  handle  will  take  a  horizontal  position.  To  the  end  of  the  handle 
is  attached  a  piece  of  bejuco  (rattan)  about  i  to  }  inches  thick.  At  the  head  of 
the  handle  Is  attached  another  piece  of  rattan  about  half  as  thick  as  that  at  the 
other  end.  In  length  each  piece  of  rattan  is  about  li  times  the  depth  of  the 
water  in  which  they  fish. 

One  of  these  apparatus  is  dropped  overboard  and  the  boats  are  paddled  with 
the  tide.  When  it  is  felt  that  the  rake  is  full,  it  is  lighted  by  means  of  the 
thick  length  of  the  rattan,  and  the  contents  emptied  into  the  boat  Should  the 
rake  become  lodged  at  the  bottom  of  the  sea,  it  is  pulled  out  by  means  of  the 
thinner  rattan  and  the  operation  proceeds  as  before. 

When  the  tide  turns  the  boats  also  turn  and  go  with  it 

Diving  for  Pearls. 

Deep-water  pearling  is  carried  on  quite  extensively  by  companies  who  send 
many  fishing  boats  out  from  Jolo.  These  divers  use  the  diving  apparatus, 
helmet  waterproof  suit,  pump,  etc.    Many  valuable  finds  occur  at  great  depth. 


(From  Report  of  the  Philippine  Commission,  1907,  part  2,  page  36.) 

Mr.  Scale  has  also  found  the  valuable  "  sheep  wool  '*  sponge  of  commerce 
in  the  Philippine  waters. 


(From  Report  of  the  Philippine  Commission,  1908,  part  2.) 

DIVISION  OF  FISH  AND  FISHERIES. 

The  work  on  Philippine  fish  and  fisheries  outlined  at  the  beginning  of  the 
fiscal  year  has  be«i  steadily  prosecuted.  The  director  of  the  bureau  of  science 
summarizes  the  ends  in  view  as  follows : 

10.  To  make  an  investigation  of  the  pearl,  sponge,  and  coral  fisheries. 
******* 

Mr.  Scale  has  devoted  a  considerable  amount  of  time  to  the  study  of  pearl 
fisheries  with  important  practical  resulta  He  has  also  located  sponge  beds 
of  commercial  value  and  has  discovered  precious  coral  at  several  points. 

He  has  combined  in  a  happy  manner  valuable  scientific  work  and  commercial 
work  of  the  most  practical  nature.    He  has  been  able  to  give  many  valuable 
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fe^oggestioDs  in  connection  with  legislation  for  the  protection  of  pearl  and  sponge 
fisheries  and  has  a  large  amount  of  data  of  a  practical  nature  Just  ready  for 
publication.  It  is  greatly  to  be  regretted  that  at  this  time  ill  health  should 
compel  his  return  to  the  United  States.  It  is  hoped,  however,  that  he  will  be 
nble  to  continue  his  work  while  there. 

During  the  year  1907  the  Philippines  imported  fish  and  other  sea  products  to 
the  value  of  W82,762,  while  exports  of  pearl  shell  were  valued  at  ^11U24; 
tortoise  shell  W3,082 ;  fish,  P97,918,  and  trepang,  etc.,  ^62,762,  giving  a  total  of 
but  K06,886. 

WORK  OF  THE  STEAMER  ALBATROSS. 
*  «  «  *  *         *  «  «  ' 

No  response  has  been  received  to  a  request  for  Information  likely  to  be  of 
value  in  framing  legislation  for  the  protection  of  pearl  and  sponge  fisheries 
made  by  the  writer,  while  another  request  for  Information  relative  to  com- 
mercial fisheries  was  forwarded  to  Washington  for  reply. 

THE  DAVAO  PEARL  BANK. 

The  Davao  pearl  bank  received  Mr.  Seale*s  undivided  attention  for  several 
days,  most  of  the  time  being  spent  on  the  pearling  boats  that  were  working 
on  the  spot.  Numerous  specimens  of  shells  and  oysters  were  secured.  This 
bank  is  located  In  Pagquiquian  Strait,  the  most  prolific  part  of  the  bed  being 
in  the  narrow  portion  of  the  strait  between  Point  Laua  and  Unao.  The  bed 
seems  to  owe  Its  existence  to  the  protection  of  the  big  reef  called  Arboles 
Island  In  the  upper  part  of  the  strait  and  to  a  strong  eddy  at  the  lower  part, 
which  permits  the  si)at  to  settle  down  and  attach.  The  bed  is  In  from  16  to 
30  fathoms  of  water.  The  bottom  Is  smooth,  of  coral,  sand,  and  broken  shell ; 
the  banks  drop  abruptly  down  from  the  fringing  coral  reef  Into  15  to  16  fathoms, 
except  In  one  or  two  places  where  the  shore  Is  of  sand  sloping  at  a  sharp  angle 
into  deep  waiter. 

About  60  tons  of  shell,  valued  at  ^43,000,  were  taken  from  this  bed  between 
January  1  and  May  1,  1908.  The  yield  of  pearls  was  small,  probably  not  worth 
more  than  ^10,000,  most  of  them  being  of  very  Irregular  shape,  but  of  good 
luster.  It  was  a  pleasure  to  find  that  the  bed  was  fairly  well  stocked  with 
young  oysters  and  that  the  adults  were  spawning  freely.  If  the  laws  are  prop- 
erly obeyed  the  Davao  pearl  bank  will  continue  for  a  long  time  to  yield  a 
fair  number  of  shells  each  year. 

At  the  date  of  Mr.  Scale's  report  (May  20,  1908),  four  pearl  boats  were  still 
at  work  on  this  bed  whenever  the  current  would  permit,  but  the  large  shells 
were  so  well  gathered  that  the  results  were  small,  the  average  number  of 
shells  being  not  more  than  3  for  each  dive. 

Nine  pearling  licenses  have  been  Issued  at  Davao  since  January  1,  1908. 
They  were  to  the  following  nationalities:  Arab,  1;  Japanese,  1;  Assyrians,  2; 
Greek,  1;  Spaniard,  1;  and  Filipinos,  2. 

It  is  probable  that  other  pearl  banks  will  be  found  along  the  south  coast  of 
Mindanao  and  a  marked  Increase  of  Interest  In  pearling  will  probably  develop 
during  the  coming  year. 

It  would  be  expedient  to  bar  corporations  from  this  industry  and  to  permit 
only  people  having  the  political  rights  of  citizens  of  the  Philippine  Islands  to 
hold  licenses.  The  pearling  laws  should  be  uniform  for  the  entire  archipelago. 
It  would  also  be  advisable  to  have  each  diver  register  and  take  out  a  license, 
forfeiture  of  the  license  being  the  penalty  for  bringing  up  undeslred  shells. 

SPONGE  PISHERIES. 

Sponge  fisheries  which  will  prove  to  be  of  considerable  value  commercially 
have  been  located  during  the  past  year.  The  first  shipment  from  the  Sltankl 
sjwnge  bank  arrived  In  Zamboanga  on  June  3,  and  will  be  shipped  to  Singapore. 
These  sponges  are  of  fine,  soft  texture,  very  tough  and  elastic.  They  compare 
favorably  with  the  best  grade  of  the  Florida  "  sheep's  wool  sponge  "  and  doubt- 
less a  good  price  will  be  realized  from  them.  20,000  sponges  have  been  taken 
at  Sltankl. 

Curing  Sponges. 

The  curing  of  sponges  is  a  very  simple  process.  When  in  the  water  the  com- 
mercial sponge  Is  black  and  slimy,  growing  in  a  depth  of  from  30  centimeters  to 
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80  meters  or  more.  The  sponge  is  first  taken  up  either  with  the  hands  or  with 
a  hook  on  the  end  of  a  pole.  It  is  then  placed  on  shore  or  on  a  platform  in 
the  sun  for  a  day  or  two,  until  dead.  Afterwards  it  is  placed  in  an  inclosure 
built  on  the  edge  of  the  salt  water  and  allowed  to  remain  for  eight  or  ten  days, 
a  man  going  over  the  sponges  each  day,  or  as  often  as  is  necessary,  squeezing 
out  the  sponges  and  l>eating  out  shell  or  pieces  of  coral.  They  are  then  threaded 
on  strings  and  allowed  to  dry.  They  may  also  be  bleached  by  dipping  them 
in  soapsuds  two  or  three  times  and  placing  them  in  the  sun.  Chemicals  are 
also  used,  but  they  damage  the  fiber  more  or  less. 

Begnlation  of  Sponge  Banks. 

Prompt  regulation  of  the  sponge  fisheries  is  urgently  needed.  Even  the  very 
youngest  sponges  are  being  taken,  and  unless  some  measure  is  introduced  to 
prevent  this  the  beds  will  be  entirely  destroyed.  A  law  should  be  enacted  pro- 
hibiting the  taking  of  sponges  less  than  10  centimeters  through  their  least 
diameter  at  the  center.  In  the  opinion  of  Mr.  Seale,  it  would  be  well  to  declare 
all  inshore  sponge  grounds  to  be  government  property,  subject  to  lease  for  a 
long  period  at  a  nominal  rent.  In  this  way  every  sponger  will  care  for  his 
ground  and  allow  the  sponges  to  grow  to  full  size,  instead  of  depleting  it  as 
would  be  the  case  under  a  short  lease.  Each  man  should  buoy  and  enter 
his  claim;  a  given  amount  of  work  should  be  required  each  year.  One  thou- 
sand yards  square  would  be  a  fair  size  for  a  claim,  with  provision  that  an  addi- 
tional claim,  or  even  two,  might  be  taken  by  the  same  individual  on  payment 
of  a  larger  fee  to  the  government  Corporations  should  be  rigidly  excluded. 
The  law  should  be  uniform  for  the  entire  archipelago,  as  there  are  also  good 
sponge  banks  in  the  vicinity  of  Masbate  and  Cebu. 


OTHEB  7I8HEEY  PBODTTCTS. 

Bed  CoraL 

Mr.  Seale  found  some  precious  red  coral  while  carrying  on  the  investigation 
in  the  Gulf  of  Davao.  Only  a  small  spray  was  encountered,  but  this  was 
enough  to  prove  the  existence  of  this  organism.  This  specimen  was  found  in  a 
little  bay  at  Digos  on  the  west  side  of  the  gulf.  The  coral  beds  of  Japan  yield 
^600,000  worth  of  coral  each  year,  and  it  is  to  be  hoped  that  those  which  un- 
doubtedly exist  in  the  Philippines  will  soon  be  located. 

FISHEBY  EXPOBTS  AND  HCPOBTS. 

During  the  nine  months  from  January  1  to  Septeml>er  30,  1907,  the  Philip- 
pines imported  ♦  ♦  *.  We  exported  to  the  British  East  Indies  during  this 
time  W10,000  worth  of  pearl  shell.  W2,582  of  tortoise  shell.    ♦    ♦    ♦ 


BTJTTOH  PACTOET. 


(From  The  Far  Eastern  Reyiew,  Noyember,  1905,  p.  160.) 
"lA  CONCHA"  BTJTTON  PACTO&T  (LIMITED),  MANILA,  P.  L 

One  of  the  growing  industrial  enterprises  of  Manila  is  that  of  "  La  Concha  " 
Button  Factory  (Limited),  whose  plant  is  located  in  the  suburb  of  Pandacan, 
on  the  bank  of  the  Paslg  River.  The  building  is  of  stone  and  galvanized  roof 
and  its  dimensions  are  30  by  10  meters.  It  is  equipped  with  54  modem 
machines,  which,  together  with  all  other  machinery,  were  imported  from  Europe 
in  1904.  The  motive  power  is  steam  and  sufficient  for  the  installation  of  many 
more  machines.  The  company  began  active  operations  in  August,  1905,  and 
since  then  a  European  foreman  has  taught,  so  far,  60  Filipinos  how  to  operate 
the  machines,  with  the  result  that  at  the  present  they  are  capable  of  turning 
out  150  gross  of  buttons  per  day,  only  50  gross  behind  the  full  capacity  of  the 
plant. 

Just  now  the  product  of  the  factory  is  exclusively  confined  to  mother-of-pearl 
buttons,  which  are  placed  upon  the  market  in  every  style  and  size.  These 
buttons  can  be  made  here  much  cheaper  than  those  imported  from  Europe  can 
be  sold,  for  the  reason  that  the  shells  have  to  be  exported  from  here  to  the 
continent,  the  buttons  manufactured  there,  and  returned  to  Manila.  Thus  the 
freight,  duties,  etc.,  are  eradicated  from  the  pearl-button  business  here  when 
the  trade  deals  with  "  La  Concha.** 

Ever  since  the  establishment  of  the  factory  the  importation  of  mother-of- 
pearl  buttons  has  greatly  fallen  off,  and  to-day  this  Industry  supplies  nearly 
the  whole  needs  of  the  market.  The  company  is  already  on  a  paying  basis. 
About  ?4,0(H)  worth  of  buttons  are  manufactured  monthly  and  over  ^6,000 
worth  of  back  orders  can  not  be  Immediately  delivered,  as  there  Is  not  sufficient 
machinery.  About  ^,(XX)  worth  of  buttons  are  used  monthly  in  the  Philip- 
pins  Islands,  and  to  supply  this  demand  more  machinery  will  be  imported.  It 
is  also  intended  to  manufacture  buttons  of  bone  and  horn,  the  raw  material 
for  which  can  be  had  here  at  very  low  prices.  For  these  buttons  there  is  very 
good  demand.  There  is  a  further  demand  for  articles  such  as  napkin  rings, 
teaspoons,  handles  for  umbrellas,  studs,  hair  combs,  and  all  other  fancy  articles 
manufactured  from  mother-of-pearl,  and  while  the  company  actually  has  orders 
for  such  articles  it  is  unable  to  handle  the  business  until  the  new  machinery' 
is  installed.  The  company  also  has  orders  from  Europe  for  sheets  of  mother- 
of-pearl  for  the  handles  of  pocketknives  which  can  not  be  filled  for  the  same 
reason.  A  great  revenue  is  expected  from  these  articles,  and  also  from  the 
export  of  buttons  in  the  rough,  for  which  there  is  also  demand  from  European 
manufacturers. 

To  make  the  output  of  the  factory  fully  W2,000  monthly,  so  as  to  fill  all 
orders  for  local  consumption  and  export  trade,  the  company  has  set  aside 
W5,000  with  which  to  purchase  and  install  the  extra  machinery.  With  this 
increased  facility  it  is  confidently  believed  that  a  minimum  dividend  of  20 
per  cent  per  annum  will  be  paid. 

"La  Oncha"  Button  Factory  (Limited)  has  a  capital  stock  of  PT5,000,  and 
the  following  well-Imown  business  men  of  Manila  compose  the  board  of 
directors:  Dr.  Benito  Valdez,  president;  R  E.  Elser,  treasurer;  Clement 
Schwinger,  managing  director ;  Carl  Roeper,  factory  manager ;  and  W.  Partier, 
secretary. 


Mabch  3,  1905. 

Sib:  Supplementary  to  my  report  of  December  9,  1904,  I  submit  herewith 

some  additional  information  on  the  pearl  button  and  pearl  fishing  industries. 

The  **La  Concha**  pearl-button  factory  has  been  in  operation  for  nearly 

four  months,  but  is  not  yet  running  at  its  full  capacity.     According  to  the 
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owner,  Mr.  Schwinger,  between  40  and  50  workmen  are  employed  at  present, 
while  at  least  70  are  necessary  to  run  the  factory  at  its  working  limit. 
The  shells  used  by  Mr.  Schwinger  are: 

(1)  The  mother-of-pearl  shell,  called  by  the  natives  "concha  de  nasa,"  which 
is  ordinarily  between  10  and  14  inches  in  diameter. 

(2)  A  smaller  shell  resembling  "  concha  de  nasa  "  in  shape,  but  of  a  darker 
color,  called  concha  de  negra,  which  attains  a  diameter  of  about  8  inches,  but 
most  of  the  shells  are  smaller. 

(3)  A  spiral  gastroped  shell,  5  to  6  inches  in  diameter,  which  has  a  beautiful 
pearly  surface  and  makes  a  good  quality  of  buttons.  It  is  called  locally  **  cara- 
coles." 

(4)  A  shell  of  almost  the  same  size  and  shape  as  concha  de  negra,  but  of  a 
much  lighter  color,  called  in  the  trade  the  "  linga  "  shell.  This  shell  is  im- 
ported from  Ck>lombo  and  is  used  to  make  a  cheap  grade  of  pearl  buttons. 

The  approximate  cost  of  the  above  shells  in  Manila  is  as  follows: 

Price  per  picnL 

Concha  de  nasa pesos—  50  to  70 

Concha  de  negra do 10  to  15 

Caracoles do 10  to  15 

Linga -. 8 

The  pearly  nautilus  is  used  in  the  manufacture  of  various  ornamental  articles 
but  is  too  thin  to  work  up  into  buttons.    It  costs  only  about  2  centavos  per  shell. 

The  concha  de  nasa  must  be  gathered  by  divers  from  its  home  in  the  sea, 
but  many  of  the  other  shells  are  picked  up  along  the  shore  or  taken  from  shal- 
low water. 

The  factory  has  not  been  able  to  supply  the  local  demand  for  buttons. 
Enough  shells  to  supply  this  factory  are  purchased  without  much  difficulty. 

Mr.  Maddy,  of  the  firm  of  Cull  &  Maddy,  painters  of  this  city,  is  familiar 
with  the  pearl-flrfiing  industry  in  the  Sulu  archipelago,  he  having  been  in 
charge  of  the  ill-fated  fishing  boat  America  when  it  was  sunk  in  the  Jolo  Sea 
some  few  months  ago. 

The  America  was  owned  by  a  local  stock  company,  and  was  not  only  a  much 
better  boat  than  the  ordinary  pearl-fishing  smack,  but  her  equipment  was  much 
more  complete.  With  her  equipment  and  provisions  she  was  valued  at  25,000 
to  30,000  pesos.  A  fairly  good  boat,  however,  can  be  fitted  out  much  more 
cheaply  than  this.  Mr.  Maddy  estimates  that  6,000  to  6,500  pesos,  distributed 
as  follows,  will  equip  such  a  boat: 

Boat «.000 

Diving  gear 2,000 

Fittings 1,000 

iCunning  expenses,    including   wages  in   advance   of   crew   and 

diver  and  provisions  and  money  sufficient  for  3  or  4  months 2, 000  to  2, 500 

There  are  6  or  7  boats  fishing  at  present  in  the  Sulu  Archipelago.  Mr.  Maddy 
believes  them  to  be  owned  nominally  by  a  Spaniard,  but  really  by  Chinamen. 

A  crew  consists  of  the  following  men :  4  sailors,  at  12  to  15  pesos  per  month ; 
1  diver,  at  30  to  40  pesos  per  month  and  20  cents  per  shell ;  1  tender,  at  30  to  40 
pesos  per  month,  and  1  cook,  at  10  to  15  pesos  per  month. 

Food  is  of  course  furnished  by  the  owners,  but  is  not  a  large  item. 

The  present  law  imposes  a  tax  of  500  pesos  per  year  for  each  diver  with  diving 
gear.  The  t)oat  must  also  pay  all  of  the  port  charges,  inspection  charges,  etc., 
of  a  large  commercial  boat  Besides,  the  law  requires  the  man  In  charge  of 
the  boat  to  keep  an  accurate  record  of: 

(1)  Operations  of  the  diver. 

(2)  Number  of  shells  found. 

(3)  Weight  of  shells  found. 

When  he  enters  a  port  where  he  may  discharge  his  cargo  he  must  take  oath 
that  his  weights  are  correct ;  they  are  then  checked  up  by  a  customs  officer  and 
the  figures  should  agree.  The  shells,  however,  lose  about  20  per  cent  of  their 
weight  before  they  are  marketed,  so  that  a  discrepancy  is  sure  to  occur.  25am- 
boanga  and  Jolo  are  the  only  ports  in  the  Sulu  Archipelago  where  a  pearl 
fisher  can  discharge  his  cargo. 

Perhaps  the  greatest  hardship  that  the  law  imposes,  probably  unintentionally, 
is  preventing  trading  with  the  Moros.    A  single  native  boat  seldom  has  many 
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shells,  bnt  the  combined  catch  amounts  to  considerable,  and  they  are  always 
anxious  to  exchange  their  shells  for  food  and  clothing,  which  the  larger  boats 
could  easily  carry. 

If  the  law  is  ever  brought  up  for  amendment  these  restrictions  should  be 
given  careful  consideration.  The  rislcs  of  the  industry  are  great  and  the  law 
unfavorable.  The  profits,  however,  are  large,  and  while  it  can  hardly  be  classed 
as  a  safe  investment,  as  a  speculation  it  seems  inviting. 

Mr.  Maddy  states  that  this  boat  one  day  took  in  1,500  pesos  worth  of  shells 
and  pearls,  but  of  course  this  is  very  exceptional. 

The  mother-of-pearl  shell,  Concha  de  Nasa,  is  the  only  one  sought  by  the 
divers.  The  trade  is  all  in  the  hands  of  the  Chinese,  who  ship  to  Singapore, 
where  they  get  cloth  and  provisions  in  return.  It  is  said  that  a  buyer  in 
Manila  can  import  the  shells  from  Singapore  more  cheaply  than  from  the 
Chinese  in  the  Jolo  Sea. 

The  shells  of  best  quality  are  worth  at  present  about  70  pesos  per  picul. 
Those  that  reach  Manila  mostly  come  from  Cebu,  Iloilo,  and  Panay. 

Near  Jolo  the  boats  work  at  nearly  all  times  of  the  year,  but  farther  north 
during  the  north  monsoon  season ;  from  December  to  April  very  little  work  can 
be  done. 

Mr.  Maddy  believes  the  production  of  shells  in  the  Philippine  Islands,  exclud- 
ing those  obtained  in  the  Sulu  Archipelago,  which,  as  previously  stated,  are 
exported  to  Singapore,  is  not  large  enough  to  allow  of  profitable  exportation 
to  the  United  States,  but  on  the  other  hand  is  barely  sufficient  to  supply  the 
factory  in  Manila. 

Habby  M.  Ickis, 
Field  Assistant,  Mining  Bureau. 

To  Mr.  H.  D.  McCaskey, 

Chief  of  the  Mining  Bureau,  Manila, 


(From  Report  of  the  Philippine  Commission,  1907,  part  1,  p.  68.) 
Eeoommendations. 

"  Eighth.  That  in  order  to  place  the  local  button  manufacturing  Industry  on 
a  fair  and  competitive  basis  with  the  imported  article  paragraphs  29  and  345  of 
the  Philippine  tariff  revision  law  of  1905  be  amended  to  read  as  follows: 

"29.  Oold  and  silver-plated  wares, — (a)  Gold  and  silver-plated  jewelry,  net 
weight,  kilogram,  two  dollars  and  forty  cents;  (6)  gold  and  silver-plated  wares 
other  than  jewelry,  net  weight,  kilogram,  two  dollars;  (c)  silvered  copper  foil, 
net  weight,  kilogram,  fifty  cents :  Provided,  That  none  of  the  articles  classified 
under  paragraphs  twenty-seven,  twenty-eight,  and  twenty-nine  shall  pay  a  less 
rate  of  duty  than  twenty-five  per  centum  ad  valorem;  And  provided  further. 
That  all  articles  classified  for  duty  under  paragraphs  twenty-seven,  twenty- 
eight,  and  twenty-nine  shall  pay  the  prescribed  rates  on  the  net  weight  of  the 
articles  themselves,  and  that  the  immediate  packing  in  which  they  are  contained 
shall  be  assessed  for  duty  under  the  paragraph  covering  the  article  of  which  it  is 
manufactured. 

"345.  Buttons. — (a)  Bone,  porcelain,  composition,  wood,  steel,  iron,  and  simi- 
lar materials,  net  weight,  kilogram,  thirty  cents;  (6)  rubber,  copper  and  Its 
alloys,  net  weight,  kilogram,  fifty  cents;  (c)  mother-of-pearl,  and  others  not 
specially  provided  for,  except  of  gold  or  silver,  or  gold  or  silver  plated,  net 
weight,  kilogram,  one  dollar  and  thirty  cents:  Provided,  That  none  of  the 
articles  classified  under  letter  (c)  of  this  paragraph  shall  pay  a  less  rate  of 
duty  than  thirty  per  centum  ad  valorem." 

The  Commission  is  in  receipt  of  a  petition  from  a  button  factory  established 
a  few  years  ago  In  Manila,  requesting  that  in  order  that  It  may  continue  to 
operate  without  losing  money  the  duties  already  prescribed  by  the  present 
customs  tariff  (Act  of  Congress  of  March  3, 1905),  in  paragraph  345,  be  decidedly 
Increased. 

Petitioners  also  request  that  the  duties  upon  shells  Imported  Into  these  Islands 
be  removed,  that  the  duties  upon  brass  shanks  and  rings  under  paragraph  69 
(6)  be  reduced,  and  that  the  duties  upon  silvered  copper  foil  under  paragraph 
29  (&)  be  similarly  reduced. 

After  careful  examination  of  the  books  and  operations  of  this  button  factory 
we  are  of  the  opinion  that  the  present  rate  of  customs  duty  Is  not  sufficient  to 
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give  a  fair  profit  to  the  manufacturer  here  upon  certain  lines  of  mother-of- 
pearl  buttons,  and  that  if  said  factory  is  not  afforded  certain  additional  pro- 
tection against  the  competition  of  imported  buttons  it  will  be  compelled  to  close 
its  doors. 

The  petitioners  request  that  the  duties  upon  bone,  porcelain,  composition, 
wood,  steel,  iron,  and  similar  buttons  be  increased  from  20  cents  per  kilogram, 
net  weight,  to  50  cents,  an  increase  of  150  per  cent  in  the  present  duties ;  that 
the  duties  upon  rubber  and  copper  buttons  be  increased  from  50  cents  per  kilo- 
gram, net  weight,  to  $1,  an  increase  of  100  per  cent  in  the  present  duties ;  and  that 
the  duties  on  mother-of-pearl  and  other  buttons  not  specially  provided  for  be 
increased  from  $1  per  kilogram,  net  weight,  to  $2  per  kilogram,  net  weight,  an 
increase  of  100  per  cent  in  the  duties. 

It  appears  that  upon  an  average  class  of  mother-of-pearl  buttons  the  factory 
is  at  present  losing  about  16  per  cent  of  the  cost  of  production  of  said  class  of 
buttons.  The  average  cost  per  gross  of  a  fair  type  of  said  buttons  is  1P^.28. 
The  average  selling  price  per  gross  is  W.91,  the  loss  therefore  being  37  centavos 
per  gross,  or  about  16  per  cent.  The  duties  paid  upon  similar  and  competing 
imported  buttons  is  $1  per  kilogram,  or  about  90  per  cent  of  the  cost  of  produc- 
tion of  these  buttons.  In  order  to  give  -a  reasonable  profit  of,  say,  approxi- 
mately 10  per  cent  upon  the  manufacture  of  these  classes  of  buttons  it  would 
seem  evident  that  additional  protection  through  the  customs  tariff  must  be 
given  to  the  extent  of  making  the  duty  upon  such  buttons  $1.35  per  kilogram, 
net  weight.  Instead  of  $1. 

We  believe  that  the  duties  upon  silvered  copper  foil,  now  amounting  to  approx- 
imately 140  per  cent  ad  valorem,  should  be  greatly  reduced,  and  that  the  present 
rate  is  an  abnormal  one.  We  are  not  of  the  opinion  that  the  present  rate  of 
duty,  approximately  15  per  cent  ad  valorem,  on  brass  shanks  and  rings  is  unrea- 
sonable, and  think  that  it  should  remain  unchanged ;  nor  are  we  of  the  opinion 
that  the  present  duty  on  shells  imported  into  the  islands  should  be  removed, 
for  the  reason  that  there  is  a  growing  shell  industry  here  which  should  be 
encouraged. 


(Hearings  on  H.  R.  21449,  Sixtieth  Congress,  first  session,  p.  225.) 

The  Committee  on  Ways  and  Means, 

U.  S.  House  of  Representatives, 

Tuesday,  May  5,  190S, 


STATEMEKT  OF  GEK.  CLABENCE  B.  EDWASBS,  CHIEF  OF  BTJBEAU  OF  JKBITLAE 
AFFAIBS,  WAB  DEPABTKEHT,  ACCOMPANIED  BT  MAJ.  FBANK  McINTTBS, 
AB8I8TAHT. 

Mr.  Clabk.  Wliat  is  the  purpose  of  this  bill?  Is  it  in  reference  to  the  tariff 
in  the  Philippine  Islands? 

General  Edwards.  Yes,  sir ;  it  modifies  the  tariff. 

We  have  prepared  in  the  Insular  Bureau  a  parallel-column  memorandum  of 
the  old  and  the  new  tariff.  It  was  especially  prepared  by  Major  Mclntyre,  and 
in  order  to  save  time  I  will  ask  him  to  explain  each  one  of  the  items. 

The  Chairman.  Please  take  up  paragraph  29. 

Major  MclNTYRE.  The  only  change  in  that  paragraph  is  the  insertion  of  sub- 
paragraph "  c,"  silvered  copper  foil,  N.  W.,  kilo,  50  cents.  That  has  the  effect 
of  reducing  the  tariff  on  silvered  copper  foil,  which  now  falls  under  "  b  "  above. 
It  was  $2  per  kilo,  and  it  is  reduced  to  50  cents. 

Mr.  Hill.  Where  is  the  corresponding  item  in  this  pamphlet? 

Major  MclNTYRE.  Paragraph  29  is  on  page  13,  and  the  only  change  is  to  insert 
a  subparagraph  "  c,"  silvered  copper  foil,  N.  W.,  kilo,  50  cents.  That  at  present 
falls  under  *'b,"  and  the  tariff  is  as  shown,  $2.  The  remainder  of  the  para- 
graph is  unchanged.  That  is  suggested  on  the  recommendation  of  the  com- 
mission. There  is  a  button  factory  in  the  Philippine  Islands,  and  they  use  this 
silvered  foil  in  the  packing  of  mother-of-pearl  buttons,  but  the  tariff  on  it  is 
now  so  great  that  they  can  not  use  it  for  that  purpose. 

The  Chairman.  It  reduces  the  tariff  from  $2  to  50  cents? 

Major  MclNTYRE.  Yes,  sir.    There  is  no  other  change  in  the  paragraph. 

Mr.  Hill,  It  comes  in  now  under  paragraph  **b  "? 
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Major  MclNTYBE.  Yes,  sir ;  and  it  makes  a  subparagraph  "  c,"  covering  that 
specific  item. 

Mr.  Dalzell.  The  proviso  remains  the  same? 

Major  MclNTYBE.  Yes,  sir.  As  you  will  notice,  there  is  an  ad  valorem  limit 
below  which  this  can  not  fall  in  any  case. 

The  Ghaibman.  Please  take  up  paragraph  345,  on  page  3. 

Major  MclTTBE.  The  change  in  that  paragraph  is  in  the  way  of  an  increase. 
The  present  tariff  under  "  a  "  is  20  cents  and  that  is  changed  to  30  cents.  That 
is  the  only  change. 

Mr.  CJlabk.  I  thought  you  said  that  you  were  putting  the  tariff  down? 

Major  MclNTYBE.  On  the  other  part  of  the  buttons.  The  object  of  this  is  to 
protect  the  button  factory. 

The  Ghaibman.  You  have  quite  a  button  factory  in  Manila? 

Major  MclNTYBE.  Yes,  sir.  They  have  great  mother-of-pearl  fisheries,  and 
they  expect  to  do  more  In  the  way  of  manufacturing  buttons. 

The  other  change  is  In  the  proviso  at  the  end  of  "  c."    That  Is  a  change  from 
$1  to  $1.30.    That  is  $1  in  the  present  tariff,  and  the  proviso  proposes  to  read : 
"  Provided,  That  none  of  the  articles  classified  under  clause  *  c '  of  this  para- , 
graph  shall  pay  a  less  rate  of  duty  than  50  per  centum  ad  valorem." 

Mr.  Glabk.  What  is  the  old  law? 

Major  MclNTYBE.  That  proviso  does  not  appear.  The  old  law  provides  under 
•*  a  "  20  cents,  and  for  paragraph  "  c  *'  $1.  The  20  cents  under  "  a  "  Is  changed 
to  30  cents,  and  the»$l  under  "c"  is  changed  to  $1.30,  and  there  is  an  added 
proviso,  "That  none  of  the  articles  classified  under  clause  *c'  of  this  para- 
graph shall  pay  a  less  rate  of  duty  than  50  per  centum  ad  valorem." 

Mr.  Glabk.  Why  do  you  raise  it? 

Major  MclNTYBE.  To  protect  the  button  factory  in  Manila. 

General  Edwabds.  They  find  that  they  can  not  compete  with  European  im- 
portations, particularly  from  Germany. 

Mr.  Hill.  The  tendency  of  this  will  be  to  have  the  pearl  shells  which  are 
now  brought  there  used  at  Manila? 

Major  MclNTYBE.  Yes,  sir;  that  is  the  intention. 

The  Ghaibman.  The  object  is  to  encourage  an  infant  industry  in  the  Philip- 
pine Islands? 

Major  MclNTYBE.  Yes,  sir. 

Mr.  Gbanqeb.  Who  asks  for  it? 

Major  MclNTYBE.  It  is  recommended  by  the  Philippine  Commission  in  their 
printed  report.  The  specific  recommendations  will  be  found  on  pages  22  to  38 
of  the  report  of  the  Philippine  Commission  for  1907.  They  set  forth  the  reason 
for  each  one  of  these  changes,  which  have  been  drawn  exactly  as  recom- 
mended by  the  Philippine  Gommission. 

Mr.  Glabk.  What  is  the  change  in  paragraph  "  c?" 

Major  MclNTYBE.  The  mother-of-pearl? 

Mr.  Glabk.  Yes,  sir. 

Major  MclNTYBE.  Mother-of-pearl  is  changed  from  $1  to  $1.30. 

Mr.  Gbangeb.  Who  runs  this  pearl  factory? 

Mr.  Legabda.  Doctor  Valdes  is  the  chairman  of  the  board  of  directors  and 
some  other  Filipinos  who  are  interested  in  it. 

Mr.  Gbangeb.  Are  they  Filipinos? 

Mr.  Legabda.  Yes,  sir. 

Mr.  Gbangeb.  Or  Americans? 

Mr.  Legabda.  No;  they  are  Fillpinoa 

Mr.  Gbangeb.  There  Is  no  American  interested  in  it  at  all? 

Mr.  Legabda.  There  Is  one,  at  least  I  think,  a  brother-in-law  of  Mr.  McGul- 
loch,  who  has  some  shares  in  it. 

Mr.  Dalzell.  It  is  a  corporation? 

Mr.  Legabda.  Yes,  sir. 

Mr.  Glabk.  This  says  in  subparagraph  "c,**  mother-of-pearl,  etc.,  $1.30,  and 
then  in  this  proviso  it  says  *'  that  none  of  the  articles  classified  under  clause 
*c'  of  this  paragraph  shall  pay  a  less  rate  of  duty  than  50  per  cent  ad 
valorem." 

Major  MclNTYBE.  That  Is  the  specific  duty  by  weight,  $1.30,  and  the  proviso 
provides  that  in  no  case  shall  this  be  less  than  50  per  cent  ad  valorem.  It  Is 
fixed  by  weight,  and  the  proviso  is  simply  to  put  the  ad  valorem  limit 

Mr.  Glabk.  How  long  have  they  been  running  this  factory  over  there? 
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Mr.  Leoabda.  Four  years. 

Mr.  Clark.  They  have  been  getting  along  pretty  well  so  &r? 

Mr.  Legabda.  No,  sir. 

Major  MclNTYBE.  The  Philippine  Commission  claims,  after  a  carefnl  invesH- 
gation  of  the  books,  that  the  manufacture  of  pearl  buttons  results  in  a  loss  of 
16  per  cent  on  the  cost  of  production. 

Mr.  Granges.  How  many  people  do  they  employ? 

Mr.  Leoaroa.  About  100.  Part  of  the  work  is  done  in  the  Bllibid  Prison  at 
present 

Mr.  Clark.  The  net  result  of  this  performance  is  that  it  raises  the  tariff  30 
per  cent 

The  Chairman.  On  page  36  of  this  report  they  say : 

*'After  careful  examination  of  the  books  and  operations  of  this  button  factory, 
we  are  of  the  opinion  that  the  present  rate  of  customs  duty  is  not  sufficient  to 
give  a  fair  profit  to  the  manufacturer  here  upon  certain  lines  of  mother-of- 
pearl  buttons,  and  that  if  said  factory  is  not  afforded  certain  additional  pro- 
tection against  the  competition  of  imported  buttons  it  will  be  compelled  to 
close  its  doors." 

General  Edwards.  We  have  figured  out  here  what  will  be  the  net  loss  of 
revenue  in  each  case  if  that  is  of  interest  to  the  committee. 


(Prom  Report  of  the  Bureau  of  Insular  Affairs,  1908,  p.  7.) 


PHILTPPPTE  TABIFF. 

In  accordance  with  the  recommendations  of  the  Philippine  Commission  a 
bill  was  introduced  during  the  last  session  providing  for  the  following  changes 
in  the  Philippine  tariff  act  of  March  3,  1905 : 

First  To  reduce  the  duty  on  silvered  copper  foil,  largely  used  in  the  packing 
of  buttons,  from  $2  to  50  cents  per  kilo  (2.2046  pounds),  net  weight,  subject  to 
a  minimum  charge  of  25  per  cent  ad  valorem ;  to  increase  the  rate  on  buttons 
of  bone,  porcelain,  composition,  and  similar  materials  from  20  to  30  cents  per 
kilo,  and  to  increase  the  rate  on  mother-of-pearl  buttons  from  $1  to  $1.30,  sub- 
ject to  a  minimum  rate  of  50  per  cent  ad  valorem.  The  present  specific  rate  on 
silvered  copper  foil  is  equivalent  to  approximately  140  per  cent  ad  valorem, 
which  is  abnormal.  The  Philippines  are  a  large  producer  of  mother-of-pearl 
shells,  which  heretofore  have  been  exported  to  other  countries,  manufactured 
and  shipped  back  to  the  Philippine  Islands.  Several  years  ago  a  number  of 
Filipinos  started  a  factory  where  about  100  hands  are  employed  for  the  manu- 
facture of  these  shells  into  buttons,  and  it  was  to  protect  this  infant  industry 
and  to  encourage  others  along  other  lines  that  this  bill  was  Introduced.  These 
buttons  have  been  manufactured  at  a  distinct  loss  for  several  years. 

******* 

These  changes  have  all  been  recommended  by  the  Philippine  <Zk>mmlssion,  the 
insular  collector  of  customs,  the  Secretary  of  War,  and  the  two  Resident  (Com- 
missioners of  the  Philippine  Islands  in  Washington.  The  bill  was  favorably 
reported  upon  by  the  House  Committee  on  Ways  and  Means  and  passed  by  the 
House  of  Representatives.  It  Is  still  pending  before  the  Senate  Ck>mmlttee  on 
the  Philippines,  to  which  it  was  referred  on  May  28,  two  days  before  the  close 
of  the  last  session. 
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Act  No.  1407  of  the  Philippine  Commission  provides  that  the  secretary  of  the 
interior  shall  have  general  supervision  over  fisheries. 

Section  43  of  Act  No.  82.— The  Municipal  Code  provides: 

(c)  The  granting  of  the  privilege  of  fisheries  in  fresh-water  streams,  lakes, 
and  tidal  streams  included  within  the  municiimlity  and  not  the  proiierty  of 
any  private  individual,  and  in  the  marine  waters  included  between  two  lines 
drawn  peri)endicular  to  the  general  coast  line  from  iwints  where  the  boundary 
lines  of  the  municipality  touch  the  sea  at  high  tide,  and  a  third  line  parallel 
with  the  general  coast  line  and  distant  from  it  three  marine  leagues :  Provided, 
That  when  municipalities  are  so  situated  on  opix)site  shores  that  there  is  less 
than  six  marine  leagues  of  marine  waters  between  them  the  third  Hue  shall 
be  a  line  equally  distant  from  the  opiwsite  shores  of  the  respective  munici- 
palities. 

Where  fresh-water  lakes  are  not  included  within  the  limits  of  any  one 
municii)ality,  or  where  fresh-water  or  tidal  streams  form  boundaries  between 
municipalities,  disputes  which  may  arise  as  to  the  waters  within  which  any 
municipality  may  exercise  the  right  of  taxing  the  granting  of  the  privilege  of 
fisheries  shall  be  referred  by  each  municipality  to  the  provincial  board  of  the 
province  to  which  it  belongs,  and  the  provincial  board  shall  recommend  to  the 
Philippine  Commission  such  legislation  as  It  may  deem  desirable. 


LAWS  EE6XTLATIH0  PEABL,  SHELLS  OF  XAKIHS  KOLLUSCA,  AHD  SPOKGS 

FISHERIES. 

ACT  No.  4:t. — An  act  to  provide  In  part  for  the  protection  of  pearl  flsberles  within  the 
jurisdiction  of  the  Moro  Province. 

Bv  authority  of  the  Philippine  Commission,  he  it  enacted  by  the  Legislative 
Council  of  the  Moro  Province,  that: 

Section  1.  It  shall  be  unlawful  for  any  f>erson  to  take  from  any  waters 
within  the  Jurisdiction  of  the  Moro  Province,  or  to  have  In  his  itossesslon  within 
the  Moro  Province  for  the  purpose  of  storage,  transfer,  sale,  or  for  any  other 
purpose  whatsoever,  any  pearl  shell  or  any  bl valvular  or  lateral  plate  of  any 
pearl  shell  of  less  than  four  and  one-half  Inches  in  diameter,  measured  with  a 
flat,  rigid  measuring  rod  along  the  line  of  the  ligament  which  Joins  one  blval- 
vular  or  lateral  plate  to  the  other  at  the  hinge.** 

Any  person  violating  the  provisions  of  this  act  shall,  uiK)n  conviction,  be 
punished  by  a  fine  not  exceeding  five  hundred  dollars,  or  by  Imprisonment  not 
exceeding  one  year,  or  both. 

Sec.  2.  Subject  to  annulment  or  amendment  by  the  Philippine  Commission, 
this  act  shall  take  effect  on  Its  passage. 

Enacted,  February  29,  1904. 

Approved  by  the  Philippine  Commission,  May  4,  1904. 

ACT  No.  51  (as  amended  by  acts  No.  ItM,  176.  and  200 ». — An  act  regulating  the  fishing 
for  shells  of  marine  mollusca.  and  amending  Act  Numt>ered  Fortv-three  of  the  \eg\H' 
latlve  council. 

By  authority  of  the  Philippine  Commission,  he  it  enacted  by  the  Legislative 

Council  of  the  Moro  Province,  that: 

Section  1.  Except  as  provided  by  this  act.  It  shall  be  unlawful  for  any  iwrson 
to  take  any  shell  of  the  pearl  oyster  or  of  other  marine  mollusca  from  the  sea 


''Amended  by  section  22  of  Act  No.  51  (see  p.  552). 
(52564— WAR  1J)08-  vol  S,  ap 86  541» 
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witbiD  a  radius  of  three  marine  leaguets  from  any  laud  within  the  territorial 
limltR  of  the  Moro  Province. 

Sec.  2.  Amended  by  Act  No.  17C  and  repealed  by  Act  No.  200. )<» 

♦  •  ♦  ♦  ♦  ^*  ♦ 

Sec.  3.  No  license  to  engaKe  in  the  fishing  for  or  the  gathering  of  shells  of 
marine  mollusca  within  the  waters  described  in  section  1  of  this  act  shall  be 
Issued  to  any  vessel  (a)  when  two  convictions  of  the  same  or  different  persons 
shall  have  been  had  for  two  distinct  violations  of  any  law  of  the  Philippine 
Commission  or  of  the  legislative  Council  governing  such  industry  committed  by 
such  i)er8on  or  persons  while  engaged  on  or  about  the  vessel,  or  (6)  which  is 
owned  or  operated  In  whole  or  in  iwrt  by,  or  uiwn  which  there  is  employed,  any 
person  who  has  twice  bt»en  convicted  of  such  violations. 

Sec.  4  (as  amended  by  Act  No.  131).  Licenses  shall  be  Issued  by  the  treasurer 
of  the  district  in  the  waters  of  which  the  vessel  carries  on  the  major  part  of  Its 
operations;  but  such  licenses  shall  entitle  the  vessel  to  o|)erate  In  any  of  the 
waters  described  in  section  1  of  this  act.  Licenses  shall  remain  in  force  for  a 
period  of  one  year  from  the  date  on  which  they  are  issued,  unless  sooner  revoked 
by  the  treasurer  who  issued  the  same,  for  any  of  the  causes  mentioned  in  sub- 
sections (a)  and  (6>  of  the  prece<llng  section.  When  a  license  is  revoked  no 
part  of  the  sum  paid  therefor  shall  be  refunded:  Provided,  That  first-class 
licenses  may  be  issued  for  a  iieriod  of  three  months  upon  the  payment  of  onc^ 
fourth  of  the  sum  mentioned  in  section  6  of  this  act. 

Skc.  5.  The  treasurer  of  the  Moro  Province  shall  cause  the  proper  forms  for 
licenses  to  be  prei>ared,  and  shall  issue  such  instructions  to  the  district  treas- 
urers as  may  be  necessarj-  to  carry  out  the  i)rovislon8  of  this  act  relating  to  th^ 
issuance  of  ll(H>nses. 

Skc.  6  (as  amended  by  Act  No.  131).  A  license  to  engage  in  the  fishing  for 
or  the  gathering  of  shells  of  marine  mollusca  of  all  species,  with  the  aid  of 
submarine  armor,  may  be  Issued  to  a  vessel  upon  the  payment  of  the  sum  of 
three  hundred  pesos,  Philippine  currency,  for  each  of  the  greatest  number  of 
divers  clad  in  such  armor  to  be  employed  by  the  vessel  beneath  the  surface  of 
the  water  at  any  one  time.  It  shall  be  unlawful  to  employ  at  any  one  time 
beneath  the  surface  of  the  water  a  greater  number  of  such  divers  than  is  author* 
ized  by  the  license.  A  license  of  this  class  shall  be  known  as  a  "  first-class 
shell  license." 

Sec.  7.  A  license  to  engage  In  the  fishing  for  or  the  gathering  of  shells  of 
marine  mollusca  of  all  si)ec*ies,  without  the  aid  of  submarine  armor,  may  be 
issued  to  a  vessel  ujwn  the  payment  of  the  sum  of  five  pesos,  Philippine  cur- 
rency, for  each  of  the  greatest  number  of  unarmored  divers  to  be  employed  by 
the  vessel  during  any  voyage,  and  the  same  sum  for  each  of  the  greatest  number 
of  submarine  dredges  or  rakes  to  be  employed  by  the  vessel  beneath  the  surface 
of  the  water  at  any  one  time.  It  shall  be  unlawful  to  employ  during  a  voyage 
a  greater  number  of  divers  or  to  employ  beneath  the  surface  of  the  water  at  any 
one  time  a  greater  number  of  submarine  dredges  or  rakes  than  Is  authorissed  by 
the  license.  A  license  of  this  class  shall  be  known  as  a  "  second  class  shell 
license/' 

Skc  8.  The  fishing  for  or  the  gathering  of  shells  of  marine  mollusca  of  all 
species  without  the  aid  of  boats,  vessels,  submarine  dredges  or  rakes,  or  sub- 
marine armor,  and  the  fishing  for  or  the  gathering  of  marine  mollusca  whose 
Hhells  have  a  market  value  of  less  than  twenty-five  pesos,  Philippine  currency, 
per  ton,  shall  be  unrestricted. 

Sec.  9.  It  shall  be  the  duty  of  district  treasurers  upon  Issuing  any  license 
under  this  act  to  deliver  to  the  person  receiving  the  same  a  copy  of  Act  No.  43 
of  the  Legislative  Council,  a  copy  of  this  act,  and  a  copy  of  all  other  acts  gov- 
erning the  fishing  for  or  the  gathering  of  shells  of  marine  mollusca  which  may 
herejifter  be  enacted.  The  master  of  the  licensed  vessel  shall  preserve  the  same 
in  a  conspicuous  place  on  the  vessel  open  to  the  Inspection  of  all  persons.  Every 
master  of  a  vessel  licensed  under  this  act  who  fails  to  comi)ly  with  the  provi- 
sions of  this  section  shall  be  punished  by  a  fine  of  not  exceeding  one  hundred 
I>esos,  Philippine  currency,  for  each  ofl'ense. 

Sec.  10.  The  provisions  of  this  act  shall  not  apply  to  vessels  of  less  than 
fifteen  tons  burden  owned,  manned  and  oi>erated  wholly  by  Moros  or  other  non- 
Christians,  not  tran8i)orted  by  or  used  in  connection  with  other  vessels,  and 
not  employing  submarine  armor,  until  the  first  day  of  January,  nineteen  hun- 
dred and  six :  Provided,  That  the  provisions  of  Act  No.  43  of  the  Legislative 

"  See  act  No.  207,  p.  5u2, 
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Council  and  such  provisions  of  this  act  as  relate  to  the  prosecution  of  violations 
of  said  Act  No.  43  shall  apply  and  be  enforced  without  distinction  of  i)ersons. 

Sec.  11.  The  governor  of  the  district  of  Sulu  shall  immediately  Investigate 
the  alleged  claims  of  certain  Moros  residing  vtrithin  his  district  to  property 
rights  in  the  shells  of  marine  mollusca  in  tbft  seas  adjacent  to  their  places  of 
residence,  and  shall  report  to  the  governor  of  the  Moro  Province  the  extent 
and  comparative  richness,  so  far  as  known,  of  the  deposits  of  shells  which  are 
recognized  by  tribal  custom  as  belonging  to  each  of  such  Moros.  A  sum  equal 
to  one-half  of  the  gross  proceeds  resulting  from  the  issuance  of  licenses  under 
this  act  by  the  treasurer  of  the  district  of  Sulu  during  the  years  nineteen  hun- 
dred and  four  and  nineteen  hundred  and  five  shall  be  set  aside  by  appropriation 
and  disbursed  among  such  Moros  in  a  proportion  to  be  determined  by  the  gov- 
ernor of  the  Moro  Province,  based  upon  the  relative  importance  of  the  claims 
of  each  so  recognized  by  tribal  custom ;  and  such  payment  shall  be  understood 
to  be  in  full  and  final  settlement  of  the  supposed  property  rights  of  the  Moros 
of  the  district  of  Sulu  in  such  shells  of  marine  mollusca. 

Sec.  12.  It  shall  be  unlawful  for  any  Moro  or  any  other  person  to  intermeddle 
with  or  exact  or  attempt  to  exact  any  payment  or  tribute  from  any  person 
engaged  in  the  fishing  for  or  the  gathering  of  shells  of  marine  mollusca  by 
virtue  of  this  act,  or  to  prevent  or  attempt  to  prevent  any  person  or  vessel  from 
lawfully  engaging  in  such  industry. 

Sec.  13.  It  shall  be  unlawful  for  any  vessel  ^igaged  in  the  fishing  for  or  the 
gathering  of  shells  of  marine  mollusca  under  a  first-class  shell  license  to  dis- 
charge any  portion  of  the  shells  taken,  or  to  leave  the  waters  described  in  sec- 
tion 1  of  this  act,  except  by  reasons  of  stress  of  weather  or  other  necessity, 
without  first  proceeding  to  the  port  of  Jolo  or  Zamboanga  and  making  the 
statement  required  by  the  following  section. 

Sec.  14.  Every  master  of  a  vessel  operating  under  a  first-class  shell  license 
shall  accurately  enter  in  a  log  or  record  book  the  date  of  every  operation  and 
the  number  and  weight  of  the  shells  of  the  pearl  oyster  taken  each  day.  Upon 
entering  the  port  of  Jolo  or  Zamboanga,  and  before  landing  any  of  the  cargo, 
the  master  shall  verify,  on  oath,  before  the  collector  of  customs,  such  log  or 
record  book  as  containing  a  true  statement  of  the  operations  of  the  vessel  in 
gathering  or  fishing  for  the  shells  of  the  pearl  oyster;  and  for  any  false 
statement  so  made  he  shall  be  liable  to  the  penalties  provided  by  section  17  of 
this  act. 

Sec  15.  Every  master  of  a  vessel  1  let  used  under  this  act,  and  every  person  on 
board  such  vessel  in  charge  of  the  fishing  for  or  the  gathering  of  shells  of 
marine  mollusca,  shall  be  criminally  liable  for  all  violations  of  the  law  govern- 
ing such  industry,  to  the  same  extent  as  the  persons  actualy  guilty  thereof, 
when  such  violations  are  committed  by  members  of  the  crew  or  persons 
employed  on  or  about  the  vessel  in  his  presence  or  with  his  knowledge  and 
consent. 

Sec.  16.  If  any  unlicensed  vessel  shall  be  found  within  the  waters  to  which 
this  act  applies  having  on  board  shells  mentioned  in  this  act,  or  submarine 
armor  suitable  for  taking  shells ;  or  if  any  vessel  operating  under  a  second-class 
shell  license  shall  be  found  in  such  waters  having  on  board  submarine  armor 
suitable  for  taking  shells,  it  shall  be  presumed  that  the  master  of  the  vessel  and 
the  owner  of  the  submarine  armor,  if  on  board,  were  engaged  in  gathering  or 
fishing  for  shells  in  violation  of  this  act  until  it  is  otherwise  sufficiently  proved. 

Sec.  17.  Every  person  guilty  of  the  commission  of  an  act  declared  to  be  unlaw- 
ful by  this  act  shall,  upon  conviction,  be  punished  by  imprisonment  not  exceed- 
ing six  months  or  by  a  fine  of  not  less  than  fifty  and  not  more  than  one  thou- 
sand pesos,  Philippine  currency,  or  by  both  such  fine  and  imprisonment,  for  each 
offense. 

Sec.  18.  Violations  of  Act  No.  43  of  the  Legislative  Council  and  of  this  act 
may  be  prosecuted  in  any  court  of  first  instance  of  the  Moro  Province ;  but  the 
court  first  lawfully  taking  cognizance  thereof  shall  have  Jurisdiction  of  the 
same  to  the  exclusion  of  all  other  courts. 

Sec  19.  In  prosecutions  for  violations  of  Act  No.  43  of  the  Legislative  Council 
and  of  this  act  the  court  may,  in  its  discretion,  when  It  shall  have  reason  to 
believe  that  any  person  guilty  of  such  violation  has  acted  through  excusable 
ignorance  of  the  law,  remit  the  penalties  imposed  by  law  therefor. 

Sec.  20.  For  the  purpose  of  enforcing  this  act  and  Act  No.  43  of  the  Legislative 
Council  the  governors  of  the  districts,  collectors  of  customs,  and  masters  of 
vessels  of  the  Insular  Government,  when  authorized  thereto  by  the  heads  of 
their  respective  bureaus,  and  any  person  authorized  in  writing  by  the  Governor 
of  the  Moro  Province,  are  hereby  made  peace  officers.    It  shall  be  their  dut>' 
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to  seize  and  arrest  all  vessels  found  engaged,  used,  or  employed  in  the  waters 
described  in  section  1  of  this  act  in  violation  of  the  law  governing  the  fishing 
for  or  gathering  of  shells  of  marine  moUusca,  without  warrant,  and  to  talie  the 
same,  with  all  persons  on  board  thereof,  to  the  most  convenient  open  port,  there 
to  be  dealt  with  according  to  law. 

Sec.  21.  A  reward  of  five  hundred  pesos,  Philippine  currency,  to  be  claimed, 
determined,  and  paid  in  accordance  with  the  provisions  of  sections  2  and  3  of 
Act  No.  40  of  the  Legislative  Council,  shall  be  paid  for  information  leading  to 
the  arrest  and  conviction  of  persons  guilty  of  violations  of  this  act  or  of  Act 
No.  43  Qf  the  legislative  Council. 

Sec.  22.  Act  No.  43  of  the  I^egislative  Council  is  hereby  amended  by  inserting, 
after  the  word  **  hinge,"  in  the  first  section  thereof,  the  following :  **  unless  the 
lateral  plate  of  such  shell  shall  be  more  than  seven  inches  in  diameter,  meas- 
ured with  a  fiat,  rigid  measuring  rod  from  the  outer  edge  of  the  homy  lip  to 
the  center  of  the  hinge,  the  rod  being  so  placed  as  to  form  a  right  angle  with 
the  line  of  the  hinge:  Provided,  That  should  such  shell  be  removed  from  the 
water  through  accident  or  excusal)je  negligence  no  penalty  shall  be  incurred  if 
the  shell  be  returned  to  the  water  immediately,  without  opening  or  attempting 
to  open  the  same.  It  shall  also  be  unlawful  to  open  or  att^npt  to  open  In  the 
water  any  shell  of  the  pearl  oyster  which  it  is  unlawful  to  take  from  the 
water.*'  The  words  "waters  within  the  jurisdiction  of  the  Moro  Province" 
as  used  in  said  section  shall  be  construed  to  mean  the  waters  described  in 
section  1  of  this  act. 

Sec.  23.  The  words  **  pearl  shell "  and  **  shell  of  the  pearl  oyster,"  as  used  in 
Act  No.  43  of  the  Legislative  Council  and  in  this  act,  shall  be  construed  to  mean 
the  shell  of  the  oyster  of  the  species  of  marine  bivalve  mollusca  of  the  genus 
Meleagrina  margaritifera,  commonly  known  as  the  pearl  oyster. 

Sec.  24.  All  laws  or  parts  of  laws  relating  to  the  gathering  of  or  the  fishing 
for  shells  of  marine  mollusca  are  hereby  repealed  in  their  application  to  the 
waters  described  in  section  1  of  this  act. 

Sec.  25.  Subject  to  annulment  or  amendment  by  the  Philippine  Commission, 
this  act  shall  take  effect  on  its  passage ;  but  no  penalty  shall  be  imposed  for  the 
commission,  prior  to  the  first  day  of  August,  nineteen  hundred  and  four,  of  any 
act  herein  declared  to  be  unlawful,  unless  the  prosecution  shall  afllrmatively 
prove  knowledge  on  the  part  of  the  accused  of  the  unlawful  nature  of  such  act. 

Enacted,  June  7,  1904. 

Approved  by  the  Philippine  Commission  July  19,  1904. 

(No.  207.) 

(An  act  further  regulating  the  fishing  for  shells  of  marine  mollusca  in  the  Moro 

Province.) 

By  authority  of  tfie  Philippine  Commissioti  he  it  enacted  hy  the  Legislative 
Council  of  the  Moro  Province,  that: 

Section  1.  No  license  to  engage  in  the  fishing  for  or  the  gathering  of  shells 
of  marine  mollusca  within  a  radius  of  three  marine  leagues  from  any  land 
within  the  territorial  limits  of  the  Moro  Province  shall  be  issued  to  any  vessel 
not  wholly  owned  by  citizens  of  the  United  States,  honorably  discharged  soldiers 
or  sailors  of  the  Army  or  Navy  of  the  United  States,  natives  of  the  Philippine 
Islands,  corporations  duly  organized  under  the  laws  of  the  Philippine  Islands, 
or  persons  who  have,  under  and  by  virtue  of  the  treaty  of  Paris,  acquired  the 
political  rights  of  natives  of  the  Philippine  Islands;  and  no  person  or  corpora- 
tion shall  engage  in  said  fishing  for  or  the  gathering  of  shells  of  marine  mol- 
lusca until  there  shall  have  been  duly  issued  to  such  person  or  corporation  the 
license  provided  for  in  Act  No.  51  of  the  Legislative  Council. 

Sec  2.  Subject  to  annulment  or  amendment  by  the  Philippine  Commission, 
this  act  shall  take  effect  on  its  passage. 

Enacted,  April  7,  1908. 

Approved  by  the  Philippine  Commission,  May  1,  1908. 

(Xo.  209.) 

(An  act  for  the  preservation  and  regulation  of  the  sponge  fisheries  of  the  Moro  Province, 

and  for  other  pnrposes.) 

By  authority  of  the  Philippine  Commission,  he  it  enacted  hy  the  Legislative 
Council  of  the  Moro  Province,  that: 
Section  1.  All  commercial  sponge  beds  or  grounds  in  the  waters  of  the  Moro 
Province  are  hereby  declared  to  be  under  the  protection  of  the  government  of 
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the  Moro  Province,  and  the  fishing  for,  collecting,  or  gathering  of  all  sponges 
is  h«*eby  prohibited  except  under  the  regulations  hereinafter  established,  or 
which  mair  hereafter  be  established,  for  tlie  preservation  and  regulation  of  this 
industry. 

Sbc.  2.  For  purposes  of  administration  two  classes  of  sponging  operations  are 
recognized  as  follows: 

(a)  Shallow-water  sponging,  In  wliich  the  sponges  are  gathered  by  hand, 
generally  without  the  necessity  of  diving,  and  by  the  use  of  hooks,  tonga,  and 
rakes  operated  from  boats ;  and 

(6)  Deep-water  sponging,  which  is  conducted  exclusively  by  diving. 

Sec.  3.  Shallow-water  sponging  licenses  shall  be  granted  to  resiK>nsible  per- 
sons only,  who  are  citizens  of  the  United  States,  honorably  discharged  soldiers 
or  sailors  of  the  Army,  Navy,  or  Marine  Corps  of  the  United  States,  natives  of 
the  Philippine  Islands,  and  to  corporations  duly  organized  under  the  laws  of 
the  Philippine  Islands,  in  consideration  of  an  annual  fee  of  ^100,  Philippine 
currency. 

Sec.  4.  In  consideration  of  the  payment  of  said  fee  for  a  sliallow-water 
sponging  license,  there  may  be  granted  by  the  treasurer  of  the  Moro  Province, 
with  the  approval  of  the  Legislative  Council,  to  the  lit^ensee,  a  license  or  con- 
cession for  the  exclusive  right  to  gather  or  collect  si^nges  from  certain  specified 
limited  areas  of  the  sea  bottom  covered  ut  low  water  by  not  more  than  30  feet 
of  water,  for  a  period  not  to  exceed  twenty  years :  Provided,  however y  That  said 
license  sliall  be  renewed  annually  during  the  term  of  the  concession  by  the  pay- 
ment of  the  annual  fee :  And  provided  further.  That  this  concession  is  solely  for 
the  sponging  privilege,  and  shall  not  interfere  with  the  free  passage  over  the 
area  under  concession  of  boats  or  vessels,  nor  in  any  way  prevent  the  unre- 
stricted fishing  by  other  persons  over  the  said  area  for  marine  forms  of  anj 
other  classes  or  character. 

Sec.  5.  The  concession  referred  to  in  the  next  preceding  section  shall  not 
exceed  in  area  5  square  nautical  miles,  but  may  be  of  less  extent  at  the  dis- 
cretion of  the  licensing  authority.  When  application  is  made  for  such  a  con- 
cession the  applicant  shall  indicate  on  the  chart  of  the  region  (the  latest 
published  charts  of  the  United  States  Coast  and  Geodetic  Survey  being  taken 
as  the  basis  of  the  plot)  the  area  desired,  and  take  oath  in  proi)er  form  that 
said  area  does  not  conflict  in  any  way  with  any  claim  already  occupied.  Upon 
the  taking  of  said  oath  and  the  payment  of  tlie  prescribed  license  fee,  the  con- 
cession shall  be  granted  subject  to  the  proper  erection  and  location  of  marks  or 
buoys.  Where  iH)ssible  the  base  Hue  of  the  concession  sliall  be  the  low- water 
meander  line  of  the  shore  of  the  adjacent  coast  from  which,  at  right  angles  to 
a  line  drawn  through  the  outer  extremes  of  said  meander  line,  the  sides  shall 
be  projected  seawanl  to  the  5-fathom  or  30-foot  curve  of  the  sea  bottom,  whicli 
shall  be  the  outer  boundary:  Provided,  That  the  entire  areji  thus  delimited 
shall  not  exceed  5  square  nautical  miles.  When  the  boundaries  are  fixed  from 
shore  in  this  manner,  stationary  marks  or  posts  shall  be  erected  at  each  outer 
limit  or  extreme  of  the  shore  line,  each  so  carved  or  inscribed  as  to  indicate  the 
approximate  location  of  the  other  mark  and  each  bearing  the  serial  number  of 
the  liceuse  and  concession,  together  with  the  year  in  which  the  said  concession 
expires.  When  the  physical  conditions  are  such  that  shore  marks  are  not 
practicable  of  maintenance,  driven  stakes  or  securely-anchored  floating  buoys, 
similarly  inscribed,  shall  be  placed  at  each  comer  of  the  claim  and  shall  be 
maintained  continuously  by  the  concessionaire. 

Sec.  6.  In  the  discretion  of  the  Legislative  Council  one  additional  shallow- 
water  sponging  concession  may  be  granted  to  any  person  engaged  in  shallow- 
water  sponging  In  the  waters  of  the  Moro  Province,  upon  payment  of  the  fee 
and  proper  registration  and  location  of  the  claim:  Provided,  That  this  addi- 
tional grant  is  understood  to  be  solely  as  a  bonus  for  the  honest  and  bona  flde 
endeavor  of  the  licensee  to  engage  in  what  is  understood  as  *'sponge  culture,** 
such  as  the  transplanting  of  young  sponges  to  more  proliflc  waters  and  the 
rearing  from  buds,  cuttings,  etc. 

Sec.  7.  Deep-water  sponging  licenses  are  divided  into  two  classes,  as  follows : 

Class  A.  Which  may  be  granted  to  a  limited  number  of  armored  divers  upon 
the  payment  of  an  annual  fee  of  M. 

Class  B.  Which  may  be  granted  to  an  unlimited  number  of  naked  or  un- 
armored  divers  upon  the  payment  of  an  annual  fee  of  K. 

Sec.  8.  Deep-water  sponging  licenses  may  be  granted  by  the  treasurer  of  the 
Moro  Province  upon  payment  of  the  annual  license  fee  prescribed  in  the  next 


554      APPENDIX   TO    REPORT   OF   THE   PHILIPPINE   COMMISSION. 

preceding  section.  And  no  person,  firm,  or  corporation  shall  engage  in  tlie  div- 
ing for,  or  gathering  of,  deep-water  commercial  sponges  until  duly  licensed  in 
accordance  with  the  provisions  of  this  act,  • 

Sec.  9.  The  transfer  of  any  license  or  concession  for  sponging  in  the  waters 
of  the  Moro  Province  is  hereby  expressly  forbidden  except  by  and  with  the 
consent  of  the  licensing  authority. 

Sec.  10.  i:nder  penalty  of  the  forfeiture  of  the  concession  and  confiscation  of 
the  entire  shipment  in  which  found,  no  commercial  shallow-water  sponge  of 
less  than  4  inches  in  one  diameter  stiall  be  taken  from  the  waters  except  for 
pur[K>ses  of  siKinge  culture. 

Sec.  11.  It  shall  be  unlawful  for  any  person,  firm,  or  corporation  to  have  in 
his  or  their  possession  shallow-water  forms  of  commercial  sponges; 

(a)   Who  is  not  duly  licensed  to  engage  in  the  sponge  fishery;  or 

(6)  Who  can  not  furnish  a  bill  of  sale  for  same  from,  or  trace  a  clear  title 
to,  a  duly  licensed  sponger. 

Sec  12.  It  shall  be  unlawful  for  any  person,  corporation,  firm,  or  other 
organization  doing  business  within  the  territorial  limits  of  the  Moro  Province 
to  engage  in  the  practice  of  *'  loading  **  or  impregnating  sponges  with  foreign 
substances  of  any  sort  or  character  whatsoever  for  the  purpose  of  increasing 
the  apparent  weight  of  said  sponges  and  thereby  deceiving  purchasers  of  said 
sponges  as  to  their  true  weight. 

Sec.  13.  It  shall  be  unlawful  for  any  Moro  or  other  person  to  intermeddle 
with,  or  to  exact,  or  to  attempt  to  exact,  any  payment  or  tribute  from  any  person 
engaged  in  the  fishing  for  or  gathering  of*  sponges  by  virtue  of  this  act,  or  to 
prevent,  or  to  attempt  to  prevent,  any  person  from  lawfully  engaging  in  such 
industry. 

Sec.  14.  It  shall  be  unlawful  for  any  person,  firm,  or  corporation  to  fish  for 
or  to  gather,  or  cause  to  Ik*  fished  for  or  gathered,  any  sponges  growing  on  the 
sea  iK>ttom  within  the  lK)undaries  of  a  concession  oc<'upled  by  another  person 
and  granted  under  the  provisions  of  this  act 

Sec.  15.  It  shall  be  unlawful  for  any  person  to  remove,  deface,  destroy,  or 
to  in  any  way  Interfere  with  the  location  marks  of  any  concession  granted  under 
the  provisions  of  this  act 

Sec.  16.  It  shall  be  unlawful  for  any  person,  firm,  or  corporation  to  ship  from 
or  to  attempt  to  ship  from  the  Moro  Province,  or  from  any  waters  of  the  Moro 
Province  within  the  limits  prescribed  by  section  21  of  this  act,  any  commercial 
sponges  taken  in  the  waters  of  the  Moro  Province,  except  through  the  custom- 
house at  one  of  the  ports  of  entry  of  the  Moro  Province. 

Sec.  17.  Every  ijerson  guilty  of  the  commission  of  an  act  declared  unlawful 
by  this  act  shall  upon  conviction  be  punished  by  a  fine  of  not  less  than  *10, 
and  not  exceeding  WOO,  or  In  default  thereof  to  be  Imprisoned  for  a  term  not 
exceeding  three  months. 

•  Sec  18.  Violations  of  this  art  may  l)e  prosecuted  In  any  court  of  first  instance 
of  the  Moro  Province;  but  the  court  first  lawfully  taking  cognizance  thereof 
shall  have  jurisdiction  of  the  same  to  the  exclusion  of  all  other  courts. 

Sec  19.  In  prosecutions  for  violations  of  this  act  the  court  may,  in  its  discre- 
tion, when  it  shall  have  reason  to  believe  that  any  person  found  guilty  of  any 
such  violation  has  acted  through  excusable  ignorance  of  the  law,  remit  the 
penalty  imposed  by  law  therefor. 

Sec  20.  For  the  purposes  of  enforcing  this  act  and  of  such  acts  or  regulations 
as  may  hereafter  be  established  collectors  of  customs  and  all  deputies  and 
inspectors  of  the  customs  service,  masters  of  vessels  of  the  Pliilippine  govern- 
ment when  authorized  thereto  by  the  heads  of  their  resi>ective  departments  or 
bureaus,  all  persons  duly  licensed  to  engage  In  the  si)onge  fishery,  and  any 
persons  authorized  In  writing  by  the  governor  of  the  Moro  Province  are  hereby 
made  peace  ofllcers.  It  shall  be  their  duty  to  seize  and  arrest  all  persons  found 
violating  any  of  the  provisions  of  this  act  or  any  regulations  which  may  here- 
after be  established  for  the  protection  and  preservation  of  the  sponging  in- 
dustry. 

Sec  21.  The  provisions  of  this  act  shall  extend  to  the  sea  or  any  waters 
thereof  within  a  radius  of  3  marine  leagues  from  any  land  within  the  terri- 
torial limits  of  the  Moro  Province. 

Sec  22.  Subject  to  annulment  or  amendment  by  the  Pliilippine  Commission, 
this  act  shall  take  efiTect  on  its  passage. 

Enacted  June  13,  1908. 
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Abella  (Spanish  geologist): 
Analyses  of  coal  by:  15. 
Mentioned:  3,  4. 
Abra,  subprovincb  op: 
Deposits  of — 

Coal:  11, 121, 170,  178, 183. 
Gold:  31,  81, 169,  178,  183. 
Gypsum:  170, 183. 
Iron:  120, 170. 
Mineral  Springs  in:  183. 
Abra  River,  placer  mining  in:  317. 

AcuPAN  GOLD  MINE  IN  Bbnguet,  report  on  Spanish  title:  95,  96. 
Adela  y  Micaela  gold  mine  in  Lepanto,  report  on,  mentioned:  96. 
Agalite,  deposits  in  Ilocos  Norte:  231. 
Agate,  occurrence  of:  499. 
Agusan  River,  gold  deposits  in:  185. 
Albay,  province  op: 
Clav  deposits:  122. 

Cost  of:  181. 

Deposits  of:  114,  137,  169,  170,  171,  174,  180-182,  185,  186. 

Government  work  on:  181. 

Quality  of:  181. 
Development  of  mines:  137. 
Gold,  deposits  of:  103, 186. 
Gypsum,  deposits  of:  186. 
Mercury,  deposits  of:  28. 
Mineral  resources:  180-182. 
Mineral  springs  in:  186,  497. 
(See  also B ATA N,  island  op.) 
Alfa  kaolin  mines  in  Laguna,  report  on,  mentioned:  96. 
Ambos  Camarines,  province  of: 

Animas  del  Purgatorio  gold  mine,  report  on,  mentioned:  96. 
Aurora  gold  mine,  report  on,  mentioned:  96. 
('aridad  gold  mine,  report  on,  mentioned:  96. 
Clay,  deposits  of:  122. 
Coal,  deposits  of:  12,  170. 
Development  work:  136,  137. 

Dofia  Margarita  gold  mine,  report  on,  mentioned:  96. 
Dofia  Mana  gold  mine,  report  on,  mentioned:  96. 
El  Angel  gold  mine,  report  on,  mentioned:  95. 
El  Patriarca  gold  mine,  report  on,  mentioned:  95. 
Esperanza  gold  mine,  report  on,  mentioned:  96. 
Felicidad  gold  mine,  report  on,  mentioned:  96. 
Francisco  gold  mine,  report  on,  mentioned:  96. 
Gold- 
Assays  per  ton:  6,  51. 

Deposits  of:  6,  17-19,  33,  51,  99, 103, 113, 117,  118, 136,  170,  352-354,  359-363. 

Development  work:  113. 

Fields:  18,  19,  352-363. 
Descnption  of:  18.  19. 
Development  work:  360. 
Dinaanan  Ridge,  lodes  on:  36L 
Geology:  360,  361.      • 
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Ambos  Camarinbs,  province  op — Continued. 
Grold — Continued. 

Fields — Continued . 
History  of:  354-359. 
Machinery  used:  359,  360. 
Placer  mining:  362,  363. 
San  Mauricio  group:  361. 
Tumbaca  group:  362. 
Work  of  natives:  19. 
Yield,  value  of:  19,  87. 
(See  also  Gold.) 
History  of  placer  mining  in:  354-359. 
Inspection  of  c;old  region  of:  162. 
Iron,  copper^  lead,  and  zinc,  deposits  of:  18. 
La  Candelana  gold  mine,  report  on,  mentioned:  95. 
La  Concepcion  gold  mines: 
Report  on,  mentioned:  96. 
Spanish  title  of,  report  on,  mentioned:  96. 
La  Constancia  gold  mine,  report  on,  mentioned:  96. 
Lead,  deposits  of:  7,  18,  26,  119. 
Luisa gold  mine,  re]K)rt  on,  mentioned:  96. 
Machinery  in  operation:  137. 
Magallanes  gold  mines^  report  on,  mentioned:  96. 
Mambulao,  gold  deposits  of:  103. 
Manganese,  deposits  of:  139. 

Maria  gold  mine,  report  on,  mentioned:  96.  • 

Mercury,  deposits  ot:  120,  170. 
Mineral  deposits:  175. 
Mineral  ores:  137. 

Nieves  gold  mine,  report  on,  mentioned:  96. 
Noriagold  mine,  report  on,  mentioned:  96. 
Nueva  California  gold  mine,  report  on,  mentioned:  96. 
Nueva  Galicia  j2;old  mine,  report  on^  mentioned:  96. 
Rosalia  gold  mi  e,  report  on,  mentioned:  96. 
San  Alfredo  gold  mine,  report  on,  mentioned:  96. 
San  Ciriaco  gold  mine,  report  on,  mentioned:  96. 
San  Enrique  gold  mine,  report  on,  mentioned:  96. 
San  Federico  gold  mine,  report  on,  mentioned:  96. 
San  Felix  gold  mine,  report  on,  mentioned:  96. 
San  Jorge  gold  mine,  report  on,  mentioned :  96. 
San  Marceuno  gold  mine,  report  on,  mentioned :  96. 
San  Mauricio  gold  mine: 
Property  of:  365. 
Report  on,  mentioned:  96. 
San  Nicolas  gold  mine,  report  on  Spanish  title  of,  mentioned :  96. 
San  Rafael  gold  mine,  report  on,  mentioned:  96. 
San  Ramon  gold  mine,  report  on,  mentioned:  96. 
San  Ricardo  gold  mines,  report  on,  mentioned :  95. 
San  Sebastian  gold  mine,  report  on,  mentioned:  96. 
Santa  Balbina  gold  mines,  report  on  Spanish  title  of,  mentioned:  96. 
Santa  Gertrudes  gold  mine,  report  on,  mentioned:  96. 
Santiago  gold  mine,  report  on,  mentioned:  96. 
Santo  Tomas  gold  mine,  report  on,  mentioned:  96. 
San  Vicente  gold  mine,  report  on,  mentioned:  96. 
Sulphur,  deposits  of:  7. 

Trinidaa  gold  mine,  report  on,  mentioned:  96. 
Zinc,  deposits  of:  18,  119. 
Angat  iron  region,  Bulacan.    (See  Bulacan,  province  op.) 
Angel  (el)  gold  mine  in  Ambos  Camarines,  report  on,  mentioned:  95. 
Animas  del  Purgatorio  gold  mine  op  Ambos  Camarines,  report  on,  mentioned:  96. 
Antimony: 

Deposits  of:  835. 

Province  of  Batangas:  120. 
Antique,  province  op: 
Deposits  of — 
Chalk:  175. 
Coal:  175. 
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Antique,  pbovincb  of — Continued. 
Depoeits  of— Continued. 
^      C/opper:  26. 
Gold:  175. 
Marble;  175. 
Platinum:  175. 
Sulphur:  175. 
Apo  Island,  report  on:  108. 
Aroroy  mining  district.     (See  Masbate.) 
Asbestos: 

Deposits  of:  54,  71. 
Provinces  of — 

Docos  Norte:  54,  71,  139,  161,  183,  187,  216,  217,  229-232. 
Zambales:  185. 
Paper  on  Asbestos  and  Manganese  deposits  of  I  locos  Norte:  229-232. 
Production  of:  76. 
AsHBURNER,  WiLLiAM,  mentioned:  4. 
Asphalt,  deposits  of:  35. 

Aurora  gold  mine  of  Ambos  Camarines,  report  on,  mentioned:  96. 
Aurora  (la)  gold  mines  in  Nueva  Ecua,  report  on,  mentioned:  95 
Baouio  mineral  district.    (See  Benouet  Province.) 
Balabac  Islands,  report  on:  108. 
Ba^os  (los)  Springs,  location  of:  72. 
Bat  Guano.    (See  Guano.) 
B  ATA  AN.  province  of: 

Building  stone,  deposits  of:  186. 
Development  work:  50. 
Batan,  island  of: 

Batan  Coal  Mining  Company,  work  of:  143. 
Bilboa  Mine,  Viacayan  District — 
Analyses  of  coal:  12. 
Work  in:  103,  114. 
Climate:  389. 

Coal,  deposits  of:  5,  52,  387-417. 
Coal  lands — 

Distances:  181. 
Harbor:  181. 
Location  of:  181. 
Purchase  of:  181. 
Coal  mines,  history  of:  380-382. 

Executive  order  withdrawing  portion  of,  from  settlement:  106. 
Explorations  by  Government:  175. 
Geography:  388. 
Geology:  392-401. 
Hydr^^phy:  389,  390. 
Iron  formation — 
Extent  of:  395. 
Origin  of:  396. 
Value  of:  396. 
Manganese,  deposits  of:  72. 
Minas  de  Carbon  de  Batan— 
Coal  mined  by:  105. 
Mines  of:  105. 
Work  of:  103. 
Narrative  report  of  work  in,  by  W.  D.  Smith:  142-144. 
Ore,  analysis  of:  395. 
Population:  389. 
Structure:  391. 
Topography:  390. 
Vegetation:  389. 
(See  also  Albay,  province  ok.) 
Batan  Coal  Mining  Company.    (See  Batan,  island  of.) 
Batanes  Islands: 
Field  work:  162. 

Geological  reconnoissance  of,  by  Henry  S.  Ferguson:  233,  234. 
Gold 2  deposits  of:  234. 
Pumice,  depoeits  of:  234. 
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Batangas,  province  of: 

Antimony,  d^poBits  of:  120. 
Copper— 

Depofliteof:  136. 
Development  work:  51,  136. 
Guano,  deposits  of:  76,  182. 
Mineral  deposits:  136,  139. 
MiniM;  claims:  175,  182. 
Becker,  George  F.: 

List  of  books  and  papers  on  Philippine  geology:  513-^19. 
Memorandum  on  mineral  resources:  4. 
Mentioned:  62. 

Report  on  mineral  resources  and  geology:  3-28. 
Benouet,  province  op: 

Baguio  mineral  district,  notes  on  the  geology  and  geography:  330-34f. 
(jeology — 

Basal  mass:  339. 
Diorite,  analyses:  340,  341. 
General:  339. 

Limestone,  analysis  of:  345. 
Ore  deposits:  345. 
Sedimentaries:  344. 
Tuffs:  345. 
Geography — 
Climate:  333. 
Position:  331. 
Transportation:  332. 
Vegetation  and  timber:  334. 
Hydrography- 
Drainage:  335. 
Mineral  springs:  336. 
Physiography  ana  topography:  336-339. 
Benguet  Consolidated  Mining  Company 

Development  work  by:  323,  324,  328,  329. 
Gold  deposits:  323,  324. 
Machinery  installed:  324,  329. 
Officers:  324,  329. 
Receipts  and  expenditures:  328. 
Bua  Mining  Company  (Limited) — 
Clkims:  326. 

Development  work:  326. 
Location  of:  326. 
Ore,  value  of:  326. 
<  'amote  claim — 

Location  of:  32H. 
Work  on:  328. 
Capunga  gold  mine,  report  on  Spanish  title:  95,  96. 
Clay  deposits:  122. 
Coal,  deposits  of:  34. 
Copper  deposits:  25,  41,  113,  169. 
Copper  King  mining  group — 
Assay  of  ore:  328. 
Location  of:  327. 
Ore  deposits:  328. 
Development  work:  49,  50,  55,  56,  113,  133,  134,  176,  177,  182. 
Fuller's  earth,  deposits  of:  71. 
Gold- 
Deposits:  6,  31,  41,  93,  159,  169,  171,  172,  176,  323,  324. 
Yield  per  ton:  49,  50,  133,  134. 
Hartwell  claims — 
Number  of:  327. 
Ore,  assay  of:  327. 
Owners:  327. 
Kelly  mineral  eroup —  * 

Location  of:  324. 
Ore  deposits:  324. 
Limestone,  deposits  of:  141. 
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Benguet,  province  op — Gontinued. 

Lubang  mining  district — 
Claims:  325. 
Location  of:  325. 
Ore,  value  of:  325. 

Mineral  and  mining  claims:  186. 

Minero-medicinal  waters:  494. 

Mining  by  natives:  87. 

Mining  companies:  176,  177. 

Mining  macninery  in  operation:  IM. 

Mining  operations:  134,  186. 

Narrative  report  of  field  work  by  A.  J.  Eveland:  140-142. 

Prospects  of  successful  mining  in:  321-323. 
Geology:  321. 
Native  methods:  321. 
Ore  deposits:  322. 

Silver,  deposits  of:  169. 

Sulphur  deposits:  7. 

Sunset  group — 

Location  of:  328. 
Owners  of:  328. 

Tabio  gold  mine,  report  on,  mentioned:  95,  96. 
Benguet  Consolidated  Mining  Company: 

Capital:  176. 

Cost  of  operation:  182. 

Development  work  by:  323,  324,  328,  329. 

Equipment  of:  176. 

Gold  deposits:  323,  324. 

Gold  extracted:  186. 

Machinery  installed:  182,  324,  329. 

Officers:  324,  329. 

Ore,  assay  per  ton:  176. 

Receipts  and  expenditures:  .328. 

Work  of:  55. 

Yield  of  gold:  182. 
Beta  kaolin  mines  in  Laguna,  report  on,  mentioned:  96. 
Bibliography,  list  of  books  and  papers  on  Philippine  geology:  513-519. 
Bilboa  mine,  Viscayan  district,  Batan: 

Analyses  of  coal:  12. 

Work  in:  103,114. 
BiLiRAN,  ISLAND  OF,  sulphur  deposits:  7. 
BiNANGONAN.    (See  RizAL  Province.) 
BoHOL,  province  of,  gold  deposits  in:  21. 
BoLOS,  manufacture  of:  189. 
BoMBONOAN  Springs.    (See  Mineral  Springs.) 
BoNTOc.    (See  Lepanto-Bontoc.I 
Borax,  deposits  of:  42. 
Bricks: 

Manufacture  of:  54,  71,  115,  123,  188. 

Price  of:  71. 
BuA  Mining  Company: 

Capital  of:  176. 

Claims:  326. 

Development  work:  326. 

Gold  extracted:  186. 

Location  of:  176,  326. 

Machinery  installed:  182. 

Ore- 
Assay  per  ton:  176. 
Value  of:  326. 

Work  of:  55. 
BuED  River  district,  development  work:  50,  134 
Building  Stone.    (See  Stones.) 
Bulacan,  province  op: 

Angat,  iron  region  of — 

Analyses  of  iron  ore:  52. 
Fauna  and  flora  of:  247,  248. 
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BuLACAN,  PROVINCE  OF — Continued. 
Angat,  iron  region  of — Continued. 
Improvements  in  work:  76. 
Iron,  deposits  of:  41. 
Report  of  mines  of,  mentioned:  101. 
Survey  of:  101, 102. 
Building  stone,  deposits  of:  123. 
Caves  of:  256,  257,  495,  496. 
Coal,  deposits  of:  12. 
Guano,  deposits  of:  186. 

Iron,  deposits  of:  7,  41,  42,  113,  120,  135,  177,  183,  186. 
Iron  industry — 

History  of:  257-267. 

Report  on,  by  Maurice  Goodman:  144-151. 
<%imB,  number  of:  145. 
Employees:  145,  146. 

Wages  of:  145,  146. 
Extension  of  industry,  opportunities  for:  149-151. 
Mining,  cost  of:  145,  146. 
Plowshares,  manufacture  of :  150,  151. 
Prodiiction,  quantity  and  value  of:  148,  149. 
Smelting — 

Cost  of:  146. 
Labor,  cost  of:  146. 
Taxation:  146,  147. 
Transportation,  cost  of:  147, 148. 
Limestone,  deposits  of:  122. 
Malolos,  manulacture  of  lime  at:  68. 
Mineral  springs:  186,  490,  495-496. 
Tin,  deposits  of:  32. 
BuRRrrr,  Charles  H.: 

Coal  measures  of  the  Philippines:  367-386. 
(,'omplete  list  of  Spanish  mining  claims:  193-201 . 
Work  of:  60. 
Button  Factory.  La  Concha: 
Capacity  of  plant:  73. 
Employees:  544. 
Location  of:  73. 
Machinery,  description  of:  73. 
Operations  of :  543-545. 
Shells  used  :  73,  544. 
Size  of  shells:  544. 
Value  of  shells:  545. 
Buttons,  Pearl: 

Importation  of:  73. 

Industry,  protection  of:  545-548. 

Edwards,  Gen.  C.  R.,  statement  of:  546-548. 
Hearings  on  H.  R.  21449,  Sixtieth  Congress,  first  session:  546-548. 
Mclntyre,  Maj.  Frank,  statement  of:  546-548. 
Philippine  Commission,  recommendations  of  the:  545. 
Reduction  of  tariff:  545-548. 
Market  for:  73. 
Cacraray  Island,  reconnoissance  of:  143. 
Cacub  coal  mine  of  Surioao,  report  on,  mentioned:  95. 
('agayan,  province  of: 
Coal,  deposits  of:  11. 
Gold- 
Deposits  of:  20,  33. 
River  washings:  20. 
Calamlanes  Islands,  report  on:  108. 
Camarines.    (See  Ambos  Camarinbs.) 
Camiguin  Island,  field  work:  162. 
Camote  claim: 

Location  of:  328. 
Work  on:  328. 
Candelaria,  La,  gold  mine  in  Ambos  Camarines,  report  on.  mentioned:  95. 
Canon  taxes,  report  on,  under  Spanish  mining  laws:  95. 
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Oantabro  Philippinb  Mining  Company,  work  of:  92. 
Cantavra  Filipino  Company,  work  of:  318. 
Capital,  lack  of:  68. 
CAPITALI8T8,  work  accomplished  by;  60. 
Capiz,  provincb  of: 
Deposka  of — 
Copper:  169. 
Gold:  19,  169. 
Granite:  169. 
Limestone:  169. 
Marble:  169. 
Saltpeter:  169. 
Sulphur:  169. 
Development  work:  177. 
Capunoa  gold  mine  in  Bengubt,  report  on  Spanish  title:  95,  96. 
Caridad  gold  mine  op  Ambos  Camarines,  report  on,  mentioned:  96, 
Carmen.    (See  Cebu.) 
Caves,  Bulacan:  256,  257,  495,  496. 
Cavite,  province  of: 
Deposits  of — 

Building  stone:  177. 
Chalk:  177. 
Copper:  186. 
Gypsum:  186. 
Mineral:  183. 
Cebu,  island  of:  « 

Carmen-Compostela  region — 
Coal- 

Analvsis  of:  53,  1^,  160. 
Pielas,  report  on:  160. 
Price  of:  138. 
C^l— 

Analyses  of:  15,  16,  38,  53,  138,  160. 
Calonfic  value:  6. 

Deposits  of:  13-16,  29,  30,  93,  114,  138, 159,  178. 
Discovery  of:  13. 
Price  of:  138. 

Report  on,  by  W.  D.  Smith:  436-437. 
Compostela-Danao  coal  field,  geology  of:  418-435. 
Danao  Coal  Mining  Company,  report  on,  mentioned:  96. 
Gas  deposits:  6. 
Geological  survey  of:  98. 
Gold,  deposits  of:  19,  118. 
Iron,  deposits  of:  7. 
Lead,  deposits  of:  7,  26,  87, 119. 
Map  of:  98, 160. 
Bifarble,  deposits  of:  28. 
Mineral  and  mining  claims:  178,  187. 
Pearl  fisheries:  33. 

Petroleum,  occurrence  of:  6,  28,  67,  160,  505. 
Sandstone,  deposits  of:  70. 

Spitz  coal  mines  and  claims,  report  on,  mentioned:  101.. 
Cement: 

Deposits  of  rock  for:  113. 
Limestone  for  manufacture  of:  53,  54. 
Localities  favorable  for  manufacture  of:  68. 
Manufacture  of:  482,  483. 
Material  for  making,  deposits  of:  68, 113, 136. 
Census  of  the  Philippine  islands,  notes  on  mineral  resources:  38-42. 
Centeno  (Spanish  geologist),  mentioned:  3, 100. 
Chalk: 

Deposits  in  provinces  of — 
Antique:  175. 
Cavite:  177. 
Ilocos  Norte:  187. 
Ilocos  Sur:  178. 
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Chemical  materials,  deposits  of:  70-71. 
Chifladura  mines,  mentioned:  103. 
Cinnabar.    (See  Mercury.) 
Claims.    (See  Mining  Claims.) 
Clay: 

Albay,  deposits  in:  122. 

Analyses  of:  271. 

Brick  and  pottery  nianufacture:  54. 

Deposits  o^  8,  35,  122,  162,  163, 170, 171,  180,  184,  466. 

IIocos  Norte,  deposits  in:  162, 163. 

1  locos  Sur:  deposits  in:  170. 

Luzon,  Island  of: 

Analyses  of  clay:  468-477. 

Occurrence,  composition,  and  radio-activity  of,  by  Alvin  J.  Cox:  466-481. 

Physical  properties  of  clay:  477-479. 
Mindoro,  deposits  in:  184. 
Nueva  Vizcaya,  deposits  in:  171. 
Production,  quantity  of:  76. 
Quality  of:  8. 
Tayabas,  deposits  in:  180. 
Use  of:  122. 

Zambales:  deposits  in:  171. 
Coal: 

Abra,  subprovince  of.  deposits  in:  11, 121, 170, 178, 183. 

Albay,  province  of,  deposits  in:  114, 137, 169, 170, 174, 180-182, 185, 186. 

Analyses  of:  5, 12, 15, 16,  53,  82,  92,  93, 136, 137,138, 178,382-386,415-416,434,439, 

442-459. 
Antique,  povince  of,  deposits  in:  175. 
Assays  and  comparisons  of  Philippine  coals:  382-386. 

Alabat  Island:  383. 

Batan  Island:  384. 

C«bu,  island  of:  383,  384,  385. 

Japan:  385. 

Leyte,  island  of:  383. 

Wyoming  lignite  coals:  385. 
Batan,  island  of — 

Analyses  of  coal  on:  137,415-416. 

Classification  of:  408. 

Coal  efficiency  reports:  409-411. 

Coal  measures:  397, 398. 
Origin  of:  398,399. 

Coal  seams:  403-406. 

Cost  of  mining:  406, 407. 

Deposits:  92, 103, 105, 121, 387-417. 

Exploratory  work  on  military  reservation:  407. 

Gaucia  sandstones  and  shales:  401. 

Limestone  series:  399, 400. 

Market:  412. 

Present  methods  of  mining:  406. 

Shales  and  marls:  400. 
Benguet,  province  of,  deposits  in:  34. 
BillK»  mine,  Batan,  analysis  of  coal  in:  12. 
Calorific  value  of :  6. 
Carmen,  Cebu,  analysis  of,  from:  53. 
Cebu,  province  of — 

Analyses  of:  38, 53. 

Deposits  of:  13-16. 29, 30, 93, 114, 138, 159, 178. 

Report  on,  by  W.  D.  Smith:  436-437. 
Characteristics  of  Philippine  coals:  81-85. 

Analyses:  82. 

Flue  temperature:  83. 

Gras-producing  pK)wer:  84. 

Loss  of  combustible  matter  in  ash:  83. 

Prices  of:  82, 138. 

Steaming  tests,  compared:  83. 
Claims,  record  of:  53. 
Classification  of:  368. 
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Coal — Continued. 

Coal  measures  of  the  Philippine  Islands:  367-386. 
Assays  and  comparisons  of  Philippine  coals:  368. 
Batan.  island  of:  380-382. 
Completion  of:  98. 
First  steps  in  development:  370-374. 
General  classification  of  coals:  368. 
Historical  sketch  of  discovery:  369, 370. 
Luzon,  island  of:  379,380. 
Masbate,  island  of:  376-379. 
Mindanao,  island  of:  374-376. 
Mindoro,  island  of:  380. 
Work  on:  98. 
Commercial  value  of:  56, 57. 

Comparison  of  Philippine  with  other  coals:  5, 92, 93. 
Composition  of:  439. 

Compostela-Danao  coal  field,  by  Warren  D.  Smith:  418-435. 
Analyses  of  coals:  15,434. 
Geography— 

Chmate:  419,420. 
General:  419. 
Hydrology:  424. 
Population:  423. 

Topography  and  physiography:  424,425. 
Vegetation:  420. 
Geology— 

Economic — 

Coal  seams:  432. 
History  of  district:  432. 
General:  425. 
Labor  conditions:  434. 
Limestone,  analysis  of:  434. 
Stratigraphy:  427-431. 

Structure:  431.  • 

Transportation  facilities:  435. 
Deposits  of:  3-6, 11-16,  29,  31,  37,  38,  47,  48,  52,  54,  66,  67,  80,  92,  93, 103, 105, 113, 
114,  121, 135, 13^138, 159, 160, 16^174, 178, 180, 182, 183, 185, 186, 188-191,236, 
387-417. 
Development  work:  107, 160, 161,  370^374. 
Discovery  of:  13. 

Historical  sketch  of:  369, 370. 
Where  and  when  first  made:  5. 
l^Helds,  location  of:  67. 
Gas-producing  power:  162. 
Government  work  on:  181. 
History  of  mines:  280-282. 
Ilocos  Sur,  province  of,  deposits  in:  178. 
Islands  where  found:  4, 5. 
List  of  provinces  where  found:  121. 
Masbate,  island  of,  deposits  on:  29. 
Mindanao,  island  of,  deposits  on:  80, 138. 
Mindoro,  province  of,  deposits  in:  29, 31, 170, 172, 174, 188. 
Misamis,  province  of,  deposits  in:  93. 
Nueva  Vizcaya,  province  of,  deposits  in:  171. 
Oriental  Negros,  province  of,  deposits  in:  189. 
Polillo,  island  of— 

Analysis  of  coal  on:  136. 

Successful  tests  and  reports  of  experts  on  coal  of:  437-442. 
Prices  of:  29, 53, 82, 138, 160. 
Production,  quantity  of:  76. 
Progress  in  mining:  64. 
Proximate  analysis  of,  by  A.  J.  Cox:  442-459. 
Quality  of:  11,34,37,67,181. 
Rizal,  province  >f,  deposits  in:  135, 189. 
Samar,  island  of,  deposits  on:  171, 190. 
Sorsogon,  province  of,  deposits  in:  185. 
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Coal — Continued. 

Special  reports  on:  96, 96, 101. 

Subuguey  coal  deposits:  236. 

Surigao,  province  of,  deposits  in:  180, 185, 191. 

Tayabas,  province  of,  deposits  in:  136, 173. 

Tests,  result  of:  67,437-442. 

Value  of:  121, 162. 

Yield  per  acre:  3. 

2iambsQes,  province  of.  deposits  in:  180, 185. 
Code,  Mining,  contents  of:  111 . 
CoGRAN  Mining  Company,  development  work:  138. 

COMPOBTELA  AND  DaNAO  MiNES: 

Coal,  analyses  of:  15. 

Geology  of,  by  Warren  D.  Smith:  41&-435. 
CoNCEPCioN  (la)  gold  MINES  IN  Ambos  Camarinbs: 

Report  on,  mentioned:  96. 

Spanish  title  of,  report  on:  96. 
Concha  (la)  Button  Factory,  oi)eration8  by:  543-546. 
CoNSTANCiA  (la)  GOLD  MINE  IN  Ambos  Camarines,  report  on,  mentioned:  96. 
Construction  material,  deposits  of:  68-70. 
Copper: 

Antique,  province  of,  deposits  in:  26. 

Analyses  of:  49. 

Assays:  7,  51, 133. 

Batangas,  province  of,  deposits  in:  136. 

Ben^et,  province  of,  deposits  in:  25, 41,  113, 169. 

Capiz,  province  of,  deposits  in:  169. 

Cavite,  province  of,  deposits  in:  186. 

Characteristics  of:  81. 

Deposits  of:  3,  7,  11,  22,  24^26,  31,  39-41,  47,  49,  63,  75,  92,  112,  113,  118,  133,  134, 
136. 168-173, 179, 180. 

Development  work:  75. 

Igoro t  workings :  11 9 . 

Iloco^Norte,  province  of,  deposits  in:  31. 

Islands  where  found:  4, 6. 

Lepanto-Bontoc,  province  of,  deposits  in:  22,  92,  118,  133,  168,  172,  179,  184,  273, 
274,  279,  295-297. 

Luzon,  island  of,  deposits  on:  118. 

Mancayan,  translation  of  description  of:  100. 

Masbate,  island  of,  deposits  on:  118. 

Mindanao,  island  of,  deposits  on:  26. 

Mindoro,  province  of,  deposits  in:  112, 118, 170. 

Misamis,  province  of,  deposits  in:  179. 

Native  mining  methods:  47. 

Nueva  Ecija,  province  of,  deposits  in:  179. 

Ore- 
Production  of:  281. 
Treatment  of:  279-281. 

Panay,  island  of,  deposits  on:  118. 

Pangasinan,  province  of,  deposits  in:  134,  189. 

Production  of:  76,  119. 

Report  of  data  on:  99. 

Samar,  island  of,  deposits  on:  171. 

Shipments  from  Philippine  Islands,  value  of:  43. 

Sungao,  province  of,  deposits  in:  180,  191. 

Tayabas,  province  of,  deposits  in:  173. 

Yield  per  ton:  47,  49,  50. 
(^opper  coinage  in  Lepanto,  report  on  counterfeit  of:  96. 
('opper  King  mine: 

Equipment:  177. 

Location  of:  177. 
Copper  King  mining  group: 

Assay  of  ore:  328. 

Location  of:  327. 

Ore  deposits:  328. 
Copper  Queen  Creek,  property  on:  316. 
Coral,  discovery  of  red  coral:  541. 
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Cox  Alvin  J. 

Proximate  analysis  of  Philippine  coals:  442-459. 

Occurrence,  composition,  and  radio-activitjr  of  the  clays  from  Luzon:  466-481. 

Summary  of  the  chief  characteristics  of  Philippine  coal:  81-85. 
CuYOs  Island,  report  on:  108. 
Dana  (Geologist),  mentioned:  62,  63. 

Danao  Coal  Mining  Company  op  Cebu,  report  on,  mentioned:  96. 
Delta  kaolin  mines  in  Laouna,  report  on,  mentioned:  96. 
Dietrich,  Hon.  Charles  H.: 

Notes  on  mining:  43. 
Copper  deposits:  43. 

Copper  shipments  from  Philippine  Islands,  value  of:  43. 
DiNAGAT  GOLD  MINE  OP  SuRiGAO,  report  on,  mentioned:  95. 
DoS^A  Margarita  gold  mine  op  Ambos  Camarines,  report  on,  mentioned:  96, 
Dona  Maria  gold  mine  op  Ambos  Camarines,  report  on,  mentioned:  96. 
Drasche,  Dr.  R.  von  (Geolo^st): 

Description  of  copper  mining  at  Mancayan:  23. 

Mentioned:  3,  4,  100. 
Eastern  Gold  Bug  Mining  Company,  machinery,  amount  expended  on:  190. 
Eastern  Mining  Company: 

Claims  worked  by:  221,  224. 

Machinery  in  operation:  138. 
Amount  expended  on:  190. 
Average  per  ton:  138. 

Masbate  workings  of:  218-224. 

Oflacersof:  218. 

Property  of:  218. 
Edwards,  Gen.  Clarence  R.,  statement  relative  to  reduction  of  duty  on  silver  foil: 

546. 
English  Syndicate,  work  of:  103. 

Epsilon  kaolin  mines  in  Laguna,  report  on,  mentioned:  96. 
EspERANZA  (La)  coal  mine  in  Sorsogon,  report  on  Spanish  title  to,  mentioned:  96. 
EsPERANZA  (La)  copper  mine  in  Lepanto,  report  on,  mentioned:  96. 
EsPERANZA  GOLD  MINE  OF  Ambos  Camarines,  report  on,  mentioned:  96. 
EvELAND,  Arthur  J.: 

Bulletin  on  A  Preliminary  Reconnaissance  of  the  Mancayan-Suyoc  Mineral  Re- 
gion, Lepanto,  P.  I.:  275-302. 

Field  work  of:  111. 

Narrative  report  of  Benguet  field  work:  140-142. 

Notes  on  the  geologv  and  geography  of  the  Baguio  Mineral  district:  330-346. 

Paper  on  Eastern  Mining  Company's  Masbate  workings:  218-224. 

Report  on  field  work  in  Lepanto  Bontoc:  124-128. 
Even-up  Mining  Company,  machinery,  amount  expended  on:  190. 
Executive  Orders,  Batan  Island,  withdrawal  of  portion  of,  from  settlement:  10<). 
Far  Eastern  Review: 

Extract  from:  55,  56,  57. 

Publication  of  information  in:  163. 
Fauna,  iron  region  of  Angat,  Bulacan:  247,  248. 
Feldspar: 

Deposits  of:  71. 

Use  of:  71. 
Felicidad  gold  mine  of  Ambos  Camarines,  report  on,  mentioned:  96. 
Ferguson,  Henry  S.: 

Paper  on  Geological  Reconnoissance  of  the  Batanes  Islands:  233,  234. 

Sulphur  deposits  of  Camiguin  Island:  462,  463. 
Field  Work.    (See  Mining  Bureau.) 
Fisheries,  laws  regulating:  549-554. 

(See  also  Sponge  Fisheries,  and  Pearl  Fisheries.) 
Flora,  iron  region  of  Angat,  Bulacan:  247,  248, 

Forbes,  Hon.  W.  Cameron,  paper  on  Commercial  Aspects  of  Mining  in  the  Philip- 
pine Islands:  56. 
Fossil  coral,  occurrence  of:  499. 

Francisco  gold  mine  of  Ambos  Camarines,  report  on,  mentioned:  96. 
Freer,  Dr.  Paul  C,  mentioned:  108. 
Fuels,  deposits  of  coal,  natural  gas,  and  petroleum:  66, 67. 
Fuller's  earth,  deposits  of:  71. 
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Gas: 

Coal  producing:  160. 
Islanos  where  found:  4. 
Natural:  in  Marinduque:  228. 
Occurrence  of:  6,  35,  67. 
Gazetteer  of  the  Philippinb  Islands,  notes  on  mineral  reeourcee:  35-36. 
Geology: 

"Geoloey  and  mineral  resources:"  58-64. 
List  of  books  and  papers  on  Philippine:  513-519. 
Memorandum  on:  8-11. 
Summary  of:  62  64. 
German  syndicate,  work  of:  103. 

Germanl\  gold  mine  in  Ambos  Camarines,  report  on,  mentioned:  96. 
Gill  Brothers  coal  mining  claims,  report  on,  mentioned:  101. 
Glahs,  materials  for  manufacture  of:  71. 
Gold: 

Analyses  of:  49. 
Characteristics  of  ore:  81. 

Deposits  of:  3, 4,  6, 10, 11, 17, 39, 49-^1,  54,  63,  74,  80, 93,  99, 103, 113, 114, 117, 118, 
134, 136-138, 159, 169-172, 174-176,  178-180, 183-189, 191,  226,  234,  273,  274,  205, 
350,351. 
Deposits  in  provinces  of— 
Abra:  31, 169, 178, 183. 
Agusan  River:  185. 
Albay:  103,186. 

Ambos  Camarines:  6,  17-19,  33,  51,.  99,  103,  113,  117,  118,  136,  170,  352-354, 
359-363. 
Gold  fields  of— 

Description  of:  18. 19. 
Development  work:  360. 
Dinaanan  ridge,  lodes  on:  361. 
Geology:  360,361. 
History  of  production:  352-354. 
Machinery  used:  359-360. 
Placer  mining:  362, 363. 
Royal  decree  relative  to:  252. 
San  Mauricio  group:  361. 
Tumaga  group:  362. 
Work  of  natives:  19. 
Yield,  value  of :  19. 
(See  also  Ambos  Camarines.) 
Antique:  175. 
Bataan  district:  50. 
Batanes  Islands:  234. 

Benguet :  31, 49, 50, 93, 159, 169, 171, 172, 176. 
Bohol,21. 
Cagayan:  33. 
Capiz:  19,169. 
Cebu:  118. 
Ilocos  Norte:  187. 
Ilocos  Sur:  170, 178, 187. 

Lepanto-Bontoc:  93, 117, 118, 172, 184, 188, 273, 274, 295. 
Marinduque:  191,226. 
Masbat«:  51, 117, 137. 138, 174. 
Mindanao:  80,  114,  117,  118,  138. 
Mindoro:  170,  174,  184,  188. 
Misamis:  118,  179. 
Nueva  Ecija:  134,  179. 
Placen*  of:  350-351. 
History  of:  350. 
Location  of  fields:  350. 
Operations:  350. 
Ore,  assay  of:  351. 
Nueva  Vizcaya:  171. 
Pangasinan:  50,  189. 
Rizal:  113,  175. 
Samar:  118,  171. 
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Gold — Continued. 

Depoeits  in  provinces  of — Continued. 
Surigao:  114,  118,  169,  180,  185,  191. 
Zambales:  185. 
Development  work:  113. 
Dredging  iathe  Philippines:  348,  349. 

CoBt  of  operation:  349. 
Mining,  conoitions:  97. 
By  Igorots:  17,  18. 
History  of:  99,  117. 
Methods:  17,  44,  45,  97. 
Islands  where  found :  4,  6. 
"New  Center  of  Gold  Production":  44. 
*  *  Pamphlet  by  Mr.  Frank  Karuth  " :  43-48. 

Philippine  Gold  Mining,  Power  and  Development  Company,  work  of:  347,  348. 
Placer  bonanza  at  Paracale:  363-366. 
Machinery:  363,  364. 
Operations:  364. 
Production:  76,  77,  86.  87. 
Provinces  where  found:  17,  74. 
Quality  of:  17,  77. 
Quartz  mining:  18. 
Special  reports  on:  95,  96,  101. 
Tumaga  prospect:  236. 
Yield  per  ton:  6,  49,  50. 
GoLDBBOROUGH,  W.  L.,  report  on  quarries  of  Binangonan,  mentioned:  101. 
Goodman,  Maurice: 

Geographical  description  of  Marinduque  Island:  225-228. 
Gold  placers  of  Nueva  Ecija:  350,  351. 
Notes  on  the  Manila  Lime  Supply:  481,  482. 

Paper  on  "Geology  and  minersd  resoiurces  of  the  Philippine  Islands":  58-64. 
Paper  on  metallic  mineral  resoiurces:  74-76. 
Report  on  the  Bulacan  iron  industry:  144-151. 
Sulphur  in  the  Philippines:  459,  461. 
Government  assistance  to  miners:  59. 
Governors,  provincial,  reports  on  mineral  resources:  169. 
Granite: 

Capiz:  169. 
Deposits  of:  465. 
Lepanto-Bontoc:  291,  292. 
Gravel,  supply  of:  73,  74. 
Gray  Horse  Claim,  deposits  on:  134. 
Guano: 

Deposits  of:  70,  123,  500. 
In  Batangas:  76, 182. 
Bulacan:  186. 
Marinduque:  227. 
Rizal:  189. 
Tayabas:  173. 
Value  of:  500. 
Production,  quantity  of:  76. 
Gum,  considerable  quantities  in  Romblon:  171. 
Gypsum: 

Deposits  of:  8,  36,  42,  70. 
In  provinces  of — 

Abra  (subprovince):  170,  183. 

Albay:  186. 

Cavite:  186. 

Ilocos  Sur:  183,  187. 

Isabela:  184,  188. 

l.*aguna:  122. 

Lepanto:  295. 

Leyte:  188. 

Rizal:  122. 

Romblon:  171. 

SoFBOgon:  185. 

Surigao:  185,  191. 

Tarlac:  180,  191. 
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(lYPSUM — Continued. 

Use  of:  70,  122. 
Hartwell  claims: 

Death  of  organizer  of:  134. 
Number  of:  327. 
Ore,  assay  of:  327. 
Owners:  327. 
Stamp  mill  on:  134. 
Hay,  Ambassador,  "Notes  on  the  Philippine  Islands":  43-48. 
"Hope"  claim,  work  on:  134. 
Hyacinths,  discovery  of:  44. 
IcKis,  H.  M.: 

^'amarines  cold  fields:  359-363. 

Paper  on  "Mining  and  geological  notes  on  a  portion  of  northwestern  Mindanao: 

77-79. 
Stone  quarrjr  of  Mariveles:  465-46(5. 
looROTS,  gold  mining  by:  18. 
Ilocos  Mining  Company,  work  <»f:  232. 
Ilocos  Nokte,  province  ok: 
Agalite,  deposits  of:  231. 

Asbestos,  deposits  of:  54,  71,  139,  161,  183,  187,  216,  217,  229-232. 
Building  stone,  deposits  of:  216. 
Chalk,  deposits  of:  187. 
Clay,  deposits  of:  162, 163. 
Copper,  deposits  of:  31. 
Felaspar,  deposits  of:  71. 
Gold,  deposits  of:  187. 
Labor  conditions:  232. 
Magnesium,  deposits  of:  161. 
Manganese — 

Analysis  of:  231. 

Deposits  of:  72,  161,  183,  187,  217.  229-232. 
Mica,  deposits  of:  72,  216,  229. 
Mineral  deposits:  187. 
Mineral  and  mining  claims:  187. 
Mineral  resources,  by  Warren  1).  Smith:  215-217. 
Asbestos,  deposits  of:  216. 
Climate:  215. 

Geographical  location:  215. 
Manganese,  deposits  of:  216. 
Ocher,  deposits  of:  216,  230,  232. 
Opals,  deposits  of:  216. 
Talc- 
Experiments  with:  500. 
Deposits  of:  74,  216,  230. 
Transportation:  232. 
Ilocos  Sur,  province  op: 
Deposits  of — 
Chalk:  178. 
Clay:  170. 
Coal:  178. 

Gold:170, 178,  187. 
Gypsum:  183,  187. 
Sulphur:  170. 
Mineral  springs  in:  178,  187. 
Iloilo,  province  of: 

Bricks,  manufacture  of:  188. 
Deposits  of— 
Lime:  188. 

Petroleum:  6,  28,  113. 
Salt:  187. 
Iron: 

Analyses  of  ores:  269,  270. 

From  Angat:  52. 
Deposits  of:  3,  27,  28,  41,  52,  94. 
In — 

Abra:  120,  170. 
Angat,  Bulacan:  120. 
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1  RON — Continued. 

Deposits  of — Ck)ntinued. 
In — 

Bulacan:  120, 136, 177, 183, 186. 
La  Laguna:  174. 
Lepanto:  295. 
Masbate:  138. 
Oriental  Negros:  189. 
Rizal:  136. 
San  Miguel:  120. 
Surigao:  185. 
Tayabaa:  173. 
Development  work:  76. 
History  of  industry  in  Bulacan:  257-267. 
Islands  where  found:  4,  7. 
Manufacturing  establishment:  7. 
Mining — 

History:  27,257-267. 
Procesa:  27. 
Smelting:  27,  28. 
Production,  quantity  of:  76. 

Report  on  bulacan  iron  industry,  by  Maurice  Goodman:  144-151. 
Claims,  number  of:  145. 
Employees:  145, 146. 
Wages:  146, 146. 
Mining,  cost  of:  146, 146. 
Plowshares,  manufacture  of:  150,  151. 
Production,  quantity  and  value  of:  148,  149. 
Smelting,  cost  of:  146. 
Labor,  cost  of:  146. 
Taxation:  146, 147. 
Transportation,  cost  of:  147,  148. 
Work  of  natives:  136. 
Iron  region  op  Anoat,  Bulacan: 

Bulletin  on  geological  reconnoissance  of:  107. 

Report  on  a  geological  reconnoissance,  by  H.  I).  McCaskey:  238-272. 
Clays,  analyses  of:  271. 
Field  work:  240,  241. 
Flora  and  fauna:  247,  248. 
Geological:  249-257. 
Iron  ores,  analyses  of:  269. 
Limestones,  analyses  of:  270. 
Mineral  industry:  257-267. 

Blast  funiace,  profits  from:  266. 
Mineral  springs  of  Bulacan:  268,  269. 
Analyses:  268,  269. 
Notes  on:  242-247. 
Sandstone,  analyses  of:  271. 
Survey  of:  101, 102. 
(See  also  Bulacan,  province  op.) 
IsABELA,  province  OP,  deposits  of  gypsum  in :  184,  188. 
Islands,  mineral  bearino,  resources  of:  4. 
Japanese  : 

Employment  of:  139. 
Mining  labor  of:  116. 
Jasper,  occurrence  of:  499. 

Jo  Jo  Mining  Company,  machinery,  amount  expended  on:  190. 
Jolo.    (See  Sulu  Archipelago.) 
Kaolin: 

Analyses  of:  468-477. 
Deposits  of:  8. 

In  provinces  of — 

La  Laguna:  8,28,  174. 
Lepanto:  294. 
Nueva  Viscaya:  171. 
Islands  where  found:  4,  8. 
Report  on:  96. 
I^se  of:  76. 
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Karuth,  Mr.  Frank,  pamphlet  "A  New  Center  of  Gold  Production":  43-48. 
Kelly  mineral  group: 
Location  of:  324. 
Ore  deposits:   324. 
Labor: 

Conditions  of:  139. 

Cost  of:  139. 

In  Lepanto-Bontoc:  300,  304. 

Minine — 

Cninese:  116. 
Conditions  of:  115,  116. 

Importation  of  skilled  labor  for,  report  on:  101. 
Japanese:  116. 
Laquna,  province  of: 

Alfa  kaolin  mines,  report  on,  mentioned:  96. 
Beta  kaolin  mines,  report  on,  mentioned:  96. 
Delta  kaolin  mines,  report  on,  mentioned:  96. 
Epsilon  kaolin  mines,  r;^rt  on,  mentioned:  96. 
Gypsum,  deposits  of:  122. 
Iron,  deposits  of:  7,  174. 
Kaolin,  de|>osit«  of:  8,  28,  174. 
Mineral  springs  in:  154-156. 
Mining  claims  recorded:  174,  178,  179. 
Platinum,  deposits  of:  174. 
Laws,  Mining: 

Changes  needed:  116,  128. 
Spanish:  89,  94. 
Lead: 

Assay  of:  119. 
Deposits  of:  42,  47,  87. 
In  provinces  of — 
Bontoc:  119. 
Camarines:  26,  119. 
Cebu:  26,  87,  119. 
Lepanto:  295. 

Marinduque:  26,  87,  119,  226,  227. 
Mindanao:  26. 
Samar:  171. 
Development  work:  75,  76. 
Islands  where  found:  4,  7. 
Outcrops:  75,  76. 
Lepanto-Bontoc,  province  op: 
<  opper 

Assay  of:  7. 

Coinage,  report  on  counterfeit:  96. 

Deposits  of:  7,  11,  22,  39-41,  92,  118,  133,  168,  172,  179,  184,  273,  274.  279. 

295-297. 
Igorot  methods  of  working  and  sraeUing:  7,  119. 
Production  of:  119. 
Spanish  concessions:  39-40. 
Development  work:  113,  133,  179. 
Field  work,  re|)orta  on:  101,  124-128. 
(Jold- 

DepoHits  of:  6,  39,  93,  117,  118,  172.  184,  188,  273,  274,  296. 
Igorut  methods  of  mining:  40,  41 . 
Methods  of  mining:  40. 
Yield  per  ton:  40,  41. 
Granite,  deposits  of:  291,  292. 
Gypsum,  deposits  of:  295. 
Iron,  deposits  of:  295. 
Kaolin,  deposits  of:  294. 
Labor  in:  300,  304. 

I^  Esperanza  copper  mine,  report  on,  mentioned:  96. 
Lead,  deposits  of:  119,  295. 

Maria  Asuncion  y  San  Lorenr.o  gohl  mine,  rei)ort  on,  mentioned:  96. 
Mineral  and  mining  claims:  184. 
Mineral  deposits:  273,  274. 
Mineral  specimens  from:  111. 
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Lbpanto-Bontoc,  pbovince  of — Continued. 
Mineral  springs  in:  286-288. 
Mines,  reports  on,  mentioned:  95,  96,  101. 
Mining — 

History  of:  273. 

Native  methods  of:  87,  273,  274. 
Ore,  assav  of:  133. 

Pilar  gold  mines,  report  on,  mentioned:  95. 
Pilar  y  Mercedes  gold  mine,  report  on,  mentioned:  96. 
San  Xlberto  gold  mine,  report  on,  mentioned:  96. 
San  Antonio  gold  mine,  report  on,  mentioned:  95. 
San  Eugenie  y  Eduardo  gold  mine,  report  on,  mentioned:  96. 
San  Luis  gold  mine,  report  on,  mentioned:  95. 
Santa  Rita  sold  mine,  report  on,  mention:  95. 
Telluride,  deposite  of:  235. 
Transportation  in:  300,  304. 
Zinc,  deposits  of:  295. 

(See  also  Mancayan-Sutoc  Mineral  Rbgion.) 
Lepanto  Mining  Company,  work  of:  188. 
Lbytb,  island  of: 
Cool- 

Analjrsesof:  16. 
Deposits  of:  5,  16. 
G3rp6um,  deposits  of:  188. 
Petroleum,  deposits  of:  6. 
Sulphur,  deposits  of:  28,  122,  188,  469-461. 
Limb: 

Deposits  in — 
IIoUo:  188. 
Maloloe,  prices  of:  68. 
V    Manufactiu-e  of:  68,  69,  115. 

Notes  on  Manila  Lime  Supply,  by  Maurice  Goodman:  481,  482. 
Prices:  482. 
Sources  of:  68. 
Limestone: 

Analyses  of:  270. 
Deposite  of:  53,  68. 
.  In  provinces  of — 
Benguet:  141. 
Bulacan:  122. 
Oapiz:  169. 
Rizal:  122,  135. 

Analysis  of:  135. 
Quarries  near  Vinangouaii — 
Analysis  of :  53. 
Cost  of  transportation:  68. 
Output:  68. 
Prices  of:  68. 
Transportation:  68. 
Quarries  in  Malabon — 
Lime  output:  68. 
Prices:  68. 
Lithographic  stone,  deposits  of:  8,  36. 
Lubano  Mining  District: 
Claims:  325. 
I^ocation  of:  325. 
Ore,  value  of:  325. 
LuisA  GOLD  mine  OP  Ambos  Camarines,  report  on,  mentioned:  96. 
Luzon,  Island  of: 
Clay- 
Analyses  of:  468-477. 

Occurrence,  composition,  and  radio-activity  of,  by  Alvin  J.  Cox:  466-481. 
Physical  properties  of:  477-479. 
Coal,  deposits  of:  5,  11,  379. 
Copper,  deposite  of:  6,  118. 
Geological  study  of,  work  on:  100. 
Gold,  deposite  of:  10,  21. 
Iron,  depot«ite  of:  7. 
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Luzon,  Island  of — Continued. 

Sulphur,  deposits  of :  7. 
Mc<'a6KBY,  H.  D.,  chief  of  miking  bureau: 

Caves  and  mineral  springs  of  Bulacan :  495,  49(>. 

Report  of:  123. 

Report  on  a  geological  reconnoissanoe  of  the  iron  regi<H)  ot   Angat,  Bulacan: 

238-272. 
Report  on  Philippine  mineral  industry  in  1905:  49-54. 
Report  on  survey  of  iron  region  of  Angat:  101. 
Work  of:  60. 
McInttre,  Maj.  Frank,  statement  relative  to  reduction  of  duty  on  silver  foil:  547. 
MAdUNBRT,  installation  of:  138. 
Machinery,  mining: 

Benguet,  operations  in:  134,  186. 
De^ription  of:  77,  113,  114. 
EAjuipment  on  hand:  86. 
Magallanes  gold  mines  in  Amb<>8  Camarineh,  report  on,  mentioned:  96. 
Magnesium: 

Deposits  of:  72. 
IlocoH  Norte:  161. 
Malabon: 

Slaked  lime — 
Prices:  68. 
Production  of:  68. 
Tsesof:  68. 
Malolos,  Bulacan  Province,  manufacture  of  lime  in:  68. 
Mambulao  district.     {See  Aubos  Camarines,  province  of.) 
Mancayan-Suyoc  mineral  region: 
.  ( 'opper- 

Deposits  of:  7. 
Igorot  mining  methods:  119. 
Ore,  working  of:  119. 
Diorite,  deposits  of:  291. 

Mancayan-Suyoc  mines  and  A  bra  Rivpr  plarerw:  306-820. 
Abra  River  placers:  317. 
Climate:  306. 

(^opi)er  Queen  creek  property:  316. 
Geology:  307-309. 
Ixx^tion:  306. 
Mancayan  minen:  315. 
Mineral  districts:  306,  307. 
Ore— 

Chanuterof:  311. 
Genesis  of:  309-311. 
Occurrence  of :  311-314. 
Treatment  of:  314,  31"). 
Working  methcxls:  315. 
Transportation:  318. 
Mineral  survey:  303- m"j. 

Preliminary  reconnoi^^8an(•e.  hv  Arthur  J.  Eveland:  275-302. 
Agricultun-  283. 
Climate:  283. 
t^eld  work:  275-277. 
Geography:  282. 
Geology:  288-294. 
Government:  284. 
History  and  production:  278,  279. 
Hydrography:  286,  287. 
Mineral  springs:  287. 

Analysis  of  water:  287,  288. 
Ore,  deposits  of:  294-299. 
Population:  284. 
Production:  281. 
Topography:  285. 
Treatment  of  the  ore:  279-281 . 
Vegetation  and  timber:  283. 
Trachyte,  deposits  of:  293, 
{See  also  Lepanto-Bontoc,  province  of.) 
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Manganese: 

Deposits  of:  54,  72. 
In— 

Camarines:  139. 

Ilocos  Norte:  71, 161,  183,  187,  217,  229-232. 

Analysis  of:  231. 
Masbate:  120,  138. 
Mindoro:  139. 
Zambales:  139. 
Production  of:  76. 
Manila,  cmr  of: 

Building  stone,  deposits  of:  123. 
Lime  supply,  notes  on:  481,  482. 
Marble,  deposits  of :  28. 
Maps: 

Mineral:  117. 
Mineralogical:  104,  105. 
Mining  map  of  the  Philippines:  100. 
Need  of:  60,  132. 
Marble: 

Deposits  of:  4,  8,  42,  466. 
In — 

Antique:  175. 
Capiz:  169. 
Cebu:  28. 
Manila:  28. 

Mindoro:  112,  122,  174,  184,  188. 
Romblon:  28,  122,  171. 
SoiBogon:  185. 
Surigao:  185. 
Quarries  of:  o9. 
Uses  of:  8. 
Maria  asuncton  y  ban  lorenzo  gold  mine  in  Lepanto,  report  on,  mentioned:  96. 
Maria  gold  mine  op  Ambos  Camarines,  report  on,  mentioned:  96. 
Marinduque,  island  of: 
Coal,  deposits  of:  13. 
Geograpnical  description  of:  225-228. 
Geological  description  of:  225-228. 
Gold,  deposits  of:  21,  191,  226. 
Guano,  deposits  of:  70,  227. 
Lead,  deposits  of:  7,  26,  87,  119,  226,  227. 
Natural  gas,  occurrence  of :  67. 
Silver,  deposits  of :  7,  191. 
Marine  mollusc  a,  laws  regulating  fisherieH  of:  549-552. 
Mariveles,  island  of: 
Quarries — 

Building  stone:  465-466. 
Employees:  115. 
Output:  115. 
Reports  on:  96,  100. 
Work  in:  115. 
Markham,  Lieut.  Edward  M.,  Hurveyn  by:  106. 
Masbate,  island  op: 

Arorov  mining  districts — 

Freight  charges  from:  219. 
Location  of:  218. 
Machinery  installed  in:  |38. 

Report  on  forest  conditions  in  mining  region  of:  509-512. 
Building  stone,  deposits  of:  123. 
Climate  of:  221. 

Coal,  deposits  of:  5,  13,  29,  44,  376-378. 
Copper,  deposits  of:  118. 
Development  work:  55,  56,  114,  137,  174. 
Geology  of:  219. 
Gold- 
Deposits  of:  21,  117,  137,  138,  174. 
Production  of:  87. 
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Masbate,  island  of — Continued. 
Iron,  deposits  of:  138. 
Manganese,  deposits  of:  72,  120,  138. 

Masbate  and  Oriental  Mining  Company,  machinery  installed  by:  138. 
Mercury,  deposits  of:  139. 
Mining  operations:  51,  190. 
Mbscuby: 

Deposits  of:  4,  7,  36,  42,  54. 
In— 

Albay:  28. 

Ambos  Camarintw:  120,  170. 
Masbate:  139. 
Mindanao:  28. 
Mindoro:  174. 
Pknay:  28,  120. 
Tayabae:  173. 
Mica: 

Deposits  of:  72. 

In  Ilocoe  Norte:  216,229. 
Use  of:  72,  229. 
MiLiTART  NOTES  ON  THE  Phiuppinkh,  mineralH:  3. 
MnxBR,  W.  U.,  claim  of:  134. 
MiNAs  DE  Carbon  db  Batan.    (SeeBATAN.) 
Mindanao,  island  op: 

Coal,  deposits  of:  6,  16,  80,  138,  374,  375. 
(k)pper,  deposits  of:  6,  26. 
Development  work:  54,  138,  139. 

Gold,  deposits  of:  6,  10,  17,  20-22,  80,  114,  117,  118,  128. 
Lead,  deposits  of:  26. 
Mercury,  deposits  of :  28. 
Mineral  deposits:  174.  374,  375. 

Mining  and  geological  notes  on  a  portion  of  northweHtem,  paper  on:  77-79. 
Mining  by  natives:  87. 

Mining  prospects  on  and  near  the  2^amboanga  Peninsula— 
Geology,  brief  summary  of:  79,  80,  236. 
Sibuguey,  coal  deposits  of:  80,  237. 
Tumasa  River,  gold  prospects  on:  80,  236. 
Sulphur,  dfeposit^  of:  28. 
Tin,  deposits  of:  76. 
Mindoro,  island  op: 
C^lav  deoosits  of*  184 

Ccwd,*  deposits  of :  5,  13,  29,  31,  170,  172,  174,  188,  380. 
Copper,  deposits  of :  6. 
Description  of  country:  112. 
Expedition  across:  111,  112. 
Gold,  deposits  of:  6,  21,  170,  184,  188. 
Manganese,  deposits  of:  139. 
Marble,  deposits  of:  112,  122,  174.  184,  188. 
Mercury,  deposits  of:  54,  174, 
Mineral  deposits:  188,  189. 
Mineral  specimens  from:  111. 
San  Andres  coal  mine,  report  on,  mentioned:  96. 
San  Antonio  coal  mine,  report  on,  mentioned:  96. 
San  Deogracias  coal  mine,  report  on,  mentioned :  96. 
San  Juan  coal  mine,  report  on,  mentioned:  96. 
Santa  £ufemia  coal  mine,  report  on,  mentioned:  96. 
Santa  Maria  coal  mine,  report  on,  mentioned:  96. 
Slate,  occurrence  of:  188. 
Mineral  Springs: 
Abra:  183. 
Albay:  186.  497. 
Analyses  ot:  268,  269,  242-247. 
Angat,  Bulacan,  iron  region  of:  242-247. 
Dilain:  247. 
San  Jos^:  246. 
San  Mariano:  247. 
San  MatUde:  245. 
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Mineral  SpRiKos—Continued. 

Angat,  Bulacan,  iron  region  of — Continued. 
San  Rafael:  244,  245. 
Sibul  of  Norzagaray:  246. 
Sibul  of  San  Mgu^l:  244. 
Benguet,  minero-medicinal  waters  of:  491-494. 
Bombongan,  Pangaainan,  Laguna — 

Analysis,  result  of:  155. 

Physico-chemical  characteristics  of:  164. 

Physiological  effects  of:  155,  156. 

Therapeutical  indications:  156. 

Topography  and  geology:  154. 

Volume:  154. 
Bulacan:  186. 
Classification  of:  485. 
Composition  of :  72. 
Description  of:  72,  253.  254. 
Hot  springs  of  Tiwi,  Albay  Province:  497. 
Ilocos  Sur:  178,  187. 
Lepanto-Bontoc:  286. 

Analysis  of  water:  287,  288. 
Location  of:  72. 
Misamis:  189. 
Pangasinan:  189. 

Sibul  springs,  improvements  in:  497. 
Tayabas:  180,  191. 
Temperature  of :  72. 
Therapeutic  properties:  491-494. 
Thermo-mineral  springs,  notes  on:  489. 
Mineral  and  mining  claims: 

Applications  for:  167,  168,  172. 
Benguet:  186. 
Cebu:  187. 
Ilocos  Norte:  187. 
Kind  of:  114. 
Lepanto-Bontoc:  184. 
Location  of:  103,  114. 
Misamis:  184. 
Number  of:  77,  166. 
Pangasinan:  184. 
Record  of:  37. 
Spanish — 

Classification  of:  94,  95. 

Complete  list  of,  recorded  in  Mining  Bureau:  193-201. 

Concessions:  89. 

Number  of:  94,  95. 

Settlement  of:  95. 
Spanish  concessions  in  force  in  1898— 

Area  covered  by:  90,  91. 

Classification  of :  90,  91. 

Commodities:  90.  91. 

Petitioners,  number  of :  90,  91. 
Zambales:  185. 
Mineral  industry  and  resources: 
Condition  of:  102,  103. 
Development  work:  86,  97,  140,  167,  168. 
Drawbacks  to:  61,  62. 
Establishment  of:  102,  103. 
Failures,  causes  of:  61,  62. 
Progress  in:  55,  107. 
Status— 

In  1904:  112-123. 

In  1905:  40-54,  133-140. 

In  1907:  65-85. 
Work  in  the  past:  60,  91. 
Minerals,  statistics  of  production  for  1907:  76. 
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UlKEH  A%V  MIXUfG: 

Coomiefcnl  mpectB:  56,  57. 

Moothly  yield:  116. 

Proq^ects:  55. 

Special  reports  oo  YmouB  nmM»:  95.  06.  lOL 

Timber  for  opeaHam:  5(»-512. 

Value  of:  5ia 
Yield  per  too:  116. 

MllONO    BCBKAU: 

ArchiveB,  conditioii  of:  88. 

Cetabliafament  of :  110. 

Field  work:  107,  108.  111.  129-131,  160,  161. 
CknificatioD  of  igneoiw  rocks:  129-1^. 

FuDCtiofifl  of :  100,  lia 

Jurisdiction  of:  89. 

Minera  and  prospecton,  aniBtaDce  rendered  bv:  100. 

Needs  of:  164,  165. 

OtKanixation  of:  1 6:$,  164. 

Property  of,  conditioo  of:  W 

Publication  of:  164,  165,  16«». 

Records,  sUtus  of:  104. 

Reoi^gaimation  of:  104. 

Reports  of:  88-167. 

Report  on  reorganization:  101. 

Smelting  and  refining  plant,  need  of:  166. 

Special  reports:  05,  96,  101. 

Work  of:  110,  163,  164. 

Work  planned:  112. 
Mining  code,  contents  of:  111. 
Mining  laws,  Spanish:  89,  94. 
Mining  MAcmNERY.    (See  Macbivery.  mining.) 

MiSAMIS,  PROVINCE  OP: 

Copper,  deposits  of:  179. 

Deposits  of:  6,  20.  11>*.  179. 
Plsbcer  mining:  20. 
Yield— 

Per  annum:  20. 
Per  month:  6. 
Min^ad  and  mining  claims:  184. 
Mineral  deposits:  179,  184.  189. 
Mineral  Springs  in:  189. 
Platinum,  deposits  of :  20. 

San  Isidoro  gold  mine,  report  ou,  mentioned:  95. 
San  Luis  gold  mine,  report  on,  mentioned:  95. 
Sulphur,  de{)06its  of:  189. 
MoLLUSKS,  description  and  varieties  of:  530. 
MoRO  Province: 

Mineral  deposits:  174  . 
Shell  fisheries,  laws  regulating:  549-^2. 
Sponge  fisheries,  laws  regulating:  552-554. 
^mboanga,  s^lt  exports  from:  502. 
Mount  Cog  rant  Mining  Company,  machinery,  amount  expended  on:  190. 
Mount  Data,  gold  deposits:  17. 
Mount  Pinatubo,  reconnoissance  of:  162. 
Mount  Uling,  analyses  of  coal:  16. 
Negros,  island  of: 
Deposits  of — 

Coal:  6,  13,  189. 
Gold:  22. 
Iron:  189. 
Mineral:  180. 
Sulphur:  180,  189. 
Tin:  54,  139. 
Tungsten,  occurrence  of:  139. 
NiEVEH  gold  mine  OF  Ambos  ('amarinbh,  report  on,  mentioned:  96. 
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Niter: 

Deposits  of:  8,  36. 
Use  of:  8. 
NoRiA  GOLD  MINE  OF  Ambos  Camarines,  report  on,  mentioned:  96. 
NuBVA  Californla.  gold  mines  in  Ambos  Camarines,  re]x>rt  on,  mentioned:  96. 
Nueva  £>cua,  province  of: 
Copper,  deposits  of:  179. 
Gold- 
Deposits  of:  6,  50,  134,  179. 
Placers  of — 

History  of:  360. 
Location  of  fields:  350. 
Operations:  350. 
Ore,  assay  of:  351. 
La  Aurora  gold  mines,  report  on,  mentioned:  95. 
Natives,  work  by:  171. 
Salt,  deposits  of :  8. 

Santa  Catalina  gold  mine,  report  on.  mentioned:  95. 
Nueva  Gaucia  gold  mine  of  Ambos  Camarines,  report  on,  mentioned:  96. 

NUBVA   ViZCAYA,  PROVINCE   OF! 

Deposits  of — 
Clay:  171. 
Gold:  171. 
KaoUn:  171. 
Salt:  122, 171. 
Occidental  and  Oriental  Neoros.     (See  Negros,  Island  of.) 

OCTYVIl.  * 

Deposits  of:  36, 54,  71, 115. 

Ilocos  Norte:  216, 230, 232. 
Oil.    (See  Petroleum.) 
Opals: 

Deposits  of:  8,  36,  123,  499. 

Discovery  of:  73. 

Occurrence  in— 

Ilocos  Norte:  2l«. 
Rizal:  123. 
Ores,  Philippine,  characteristics  of:  80,  81. 
Oriental  and  Masbate  Gold  Mining  Company: 

Failure  of:  190. 

Machinery,  amount  expended  on:  190. 
Paint,  Mineral,  ochre  for  manufacture  of:  54,  71.  1 15,  232. 
Pampanga,  Province  of;  iron  deposits  of :  7. 
Panaon,  Island  op,  gold  deposits  of:  6,  19,  20. 
Panay,  Island  of: 

Building  stone,  deposits  of:  123. 

Coal,  deposits  of:  5,  13. 

Copper,  deposits  of:  118. 

Geological  survey  of:  98,  100. 

Grold,  deposits  of:  19. 

Iron,  deposits  of:  7. 

Map  of:  98. 

Mercury,  deposits  of:  28,  120. 

Petroleum,  deposits  of:  6,  28. 
Pangasinan,  Province  of: 

Copper,  deposits  of:  134,  189. 

Development  work:  50,  134. 

Gold,  deposits  of:  189. 

Mineral  and  mining  claims:  184 . 

Mineral  springs:  189. 

Yield  of  ore  per  ton:  134. 
Paper,  manufacture  of:  71. 
Paracale  District: 

Gold- 
Deposits  of:  103. 
Yield  per  ton:  18. 

Philippine  Placer  Bonanza  at:  36:^366. 

Work  at:  86. 

(See  alw)  Ambos  Camarines,  Province  of.) 
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Paracalb  Mining  Association,  officen  of:  366. 
Paraoua,  Island  of: 
Report  on:  108. 
Tin,  deposits  of:  120. 
PoLiLLO.  Island  of: 
Coal,  deposits  of:  12. 

Succeflflful  testa  of  coal,  and  reports  of  experts  on  same:  437-442. 
PoLiLLO  Land  Improvement  Company,  Manila,  P.  I.,  tests  of  coal:  437-442. 
Rapurapu  Island,  report  on:  143. 

Patriabca  (el)  Gold  mine  in  Ambos  Camarines,  report  on,  mentioned:  95. 
Pearl  buttons.    (See  Buttons,  pearl.) 
Pearl  fisheries: 
Boats- 
Description  of:  633,  637. 
Equipment  of:  523,  624. 
Business  nouses:  636. 
Claims  of  Sultan  of  Sulu:  526,  528-529. 
Concha — 
Cebu:  33. 
Jolo:  33. 
Prices  of:  33. 
Divers — 

Apparatus  used  by.  description  of:  523,  632-533,  637. 
Depths  descended  by:  523. 
Fishing,  methods  of:  532-539. 
Jolo — 

Mother-of-pearl  industry:  523-524. 
Divers,  description  of:  523-524. 
Markets  for:  524. 
Methods  of  fishing:  523. 
Sultan  of,  communications  from:  524-530. 
Laws  regulating,'  in  Moro  Province:  549-552. 
Mother-of-pearl:  525,  531-532. 
Area  of  sea  covered :  531 . 
Shipment  of:  525. 
Trade,  monopoly  of :  531. 
Value  of:  525,531. 
Pearl  oyster — 

Number  collected  on  cniise:  524. 
Value  of:  524. 

Where  found:  523,  524,  530. 
Pearl  shells,  exportation  of:  540. 
Protocol  relative  to  Sulu  Archipelago,  1885:  528. 
Report  of  O.  J.  Sweet:  525-526. 
Shells,  value  of:  533,  536. 
Sultan  of  Sulu— 

Claims  of:  525,  528-529. 
Jurisdiction  of:  537. 
Statement  by:  528-530. 
Value  of  products:  531. 
Pearl  shell  industry.    (See  pearl  fisheries  and  button  factoby.) 
Pearls: 

Commerce  in  various  countries,  value  of:  532. 
Description  of:  530. 
Islands  where  found:  4,  8. 
Ixx^ation  of:  48. 
Occurrance  of :  36. 

V^alue  of  commerce  in  various  countries:  632. 
Petrified  wood,  occurence  of:  499. 
Petroleum: 

Analysis  of:  504. 
Burning  tests:  504. 
Cebu:  28,  160. 
Claims — 

Located:  113. 
Record  of:  53. 
Registered:  604. 
Holders  of:  507. 
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Petroleum — Continued . 

Deposits  of:  4,  6,  28,  36,  42,  53,  113,  122,  136,  160,  171,  173,  503-607. 
IloUo:  28.  113. 
Islands  wWe  found:  4. 
Occurrence  of:  67,  503-507. 
Oil  fields:  503-507. 
Pipelines:  504. 
Tayabae:  503-507. 
Panay:  28. 
Production  of :  504. 
Samar:  171. 

Tayabas:  113,  122.  136,  160,  173,  503-507. 
Philippine  Gold  Dredoino  Company,  oif^anization  of:  364. 
Philippine  Gold  Mining  Company: 
Failure  of:  190. 

Machinery,  amount  expended  on:  190. 
Philippine  Gold  Mining,  Power,  and  Development  Company:         n 
Development  work:  348. 
Machinery  installed:  138. 

Amount  expended  on:  190. 
Officers  and  directors:  113,  347,  348. 
Organization  of:  347. 
Work  of:  113. 
Phiuppines  Mineral  Syndicate  f  Limited),  operations  of:  356. 
Philippine  Mining  Company,  macninery  operated  by:  138. 
Phosphates,  deposits  of:  70. 

Pilar  gold  mines  in  Lepanto,  report  on,  mentioned:  95. 
Pilar  y  Mercedes  gold  mine  in  Lepanto,  report  on,  mentioned:  96. 
Pipe,  manufacture  of:  482,  483. 
Placer  iqning: 
Abra  River:  317. 
(^amarines — 

Gold  fields  of:  362,  363. 
History  of:  354-359. 
Nueva  Ecijs^— 
History:  350. 
Iwocation  of  fields:  350. 
Operations:  360. 
Ore,  assay  of:  351. 
Paraoale.  placer  bonanza  at:  363-366. 
Machinery:  363,  364. 
Operations:  364. 
Pefiaranda  placer  fields:  :^59. 
Platinum: 

Analysis  of:  111. 
Antique:  175. 

Bulletin  on,  and  associated  rare  metals:  102. 
Deposits:  4,  20,  36,  42,  52,  113,  119,  135,  173,  174,  175. 
Islands  where  found:  4. 
La  Laguna:  174. 
Rizal:  113,  119,  135. 
Tayabas:  173. 
Porcelain,  materials  used  in  manufacture  of:  71. 
Pottery,  manufacture  of:  54,  115,  189. 
pREaous  stones: 
Discovery  of:  44. 

Occurrence  of:  8,  36,  73,  123,  499-500. 
Agate:  499. 
Fossil  coral:  499. 
Jasper:  499. 

Opals:  8,  36,  73,  123,  216,  499. 
Petrified  wood:  499. 
Rubies:  123. 
Topazes:  73. 
White  af^ate:  499. 
Wood  jasper:  499. 
Wood  opal:  499. 
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Prospecting,  results  of:  98. 
Prospectors,  work  of:  58. 
Pumice: 

Batanes  Islands:  234. 
Deposits  of:  73. 
Pyrtte,  use  of:  70. 
Quarries:  69,70,115. 
Mariveles — 

Employees:  115. 
Output:  115. 
Work  in:  115. 
Tcdim  Island- 
Employees:  115. 
Output:  115. 
Work  in:  115. 

**QUEEN    OF  ShEBA"   CLAIM: 

Operations  on:  138. 

Ore  extracted  per  ton:  138. 
Quicksilver.  (See  Mercury.) 
RiCHTHOFEN,  FERDINAND  V.  (peologist^  mentioned:  3,  79. 

RlZALj  PROVINCE  OP: 

Binan^nan— 
Lime — 

Analysis  of:  53,  135. 
Deposits  of:  135. 
Quarries  near- 
Analysis  of:  53. 
Output:  68. 
Prices:  68. 

Report  on,  mentioned:  101. 
Transportation,  cost  of:  68. 
Boloe,  manufacture  of:  189. 
Building  stone,  deposits  of:  123,  189. 
Coal,  deposits  of:  52,  111,  135,  189. 
Gold,  deposits  of:  52,  113,  175. 
Guano,  deposits  of:  76,  189. 
Gypsum,  deposits  of :  122.  • 

Iron,  deposits  of:  135. 
Limestone — 

Analysis  of:  53,  135. 
Deposits  of:  122,  135. 
Malabon,  quarries  near — 
Lime  output:  68. 
Prices:  68. 
Mineral  deposits:  189. 
Natural  gas,  occurrence  of:  67. 
Opals,  deposits  of:  123. 
Platinum,  deposits  of:  52,  113,  119,  135. 
Pottery,  manufactiu'e  of:  189. 
Road  material,  quarrying  of:  54. 
Rocks.    (See  Stone.) 

ROMBLON,  ISLAND  OF: 

Gum,  quantities  of,  in:  171 

Gypsum,  deposits  of :  171. 

Marble,  deposits  of:  8,  28,  54,  69,  122,  171. 
Rosalia  gold  mine  op  Ambos  Camarines,  report  on,  mentioned:  96. 
Rubies: 

Discovery  of:  44. 

Occurrence  of:  123. 
Saint  Louis  ExposrnoN,  mineral  exhibit  at:  108,  109. 
Salt: 

(Collection  of:  171. 

Deposits  of:  8,  36,  42,  71,  122,  187,  502. 

Exports,  value  of:  502. 

lloilo:  187. 

Nueva  Vizcaya:  122. 

Price  of:  171. 

Production  of:  502. 
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S  A  LT — Continued . 

Salt  mines  of  Tara  Island:  502. 

Springs:  71. 
Saltpeter,  province  of  Capiz:  169. 
Samar,  island  op: 

Deposits  of — 

Coal:  13, 171,  190. 
Copper:  171. 
Gold:  19,  118,  171. 
Lead:  171. 
Mineral:  171,  190. 

Petroleum  in:  171. 

San  Jos6  coal  mine,  report  on,  mentioned:  95. 
San  Alberto  gold  mine  in  Lepanto,  report  on,  mentioned:  96. 
San  Alfredo  gold  mine  in  Ambos  Camarines,  report  on,  mentioned:  96. 
San  Andres  coal  mine  of  Mindoro,  report  on,  mentioned:  96. 
San  Antonio  coal  mine  in  Mindoro,  report  on,  mentioned:  96. 
San  Antonio  gold  mine  in  Lepanto,  report  on,  mentioned:  95. 
San  Ciriaco  gold  mine  of  Ambos  Camarines,  report  on,  mentioned:  96. 
San  Deogracias  coal  mine  in  Mindoro,  report  on,  mentioned:  96. 
San  Enrique  gold  mine  op  Ambos  Camarines,  report  on,  mentioned:  96. 
San  Eugenio  y  Eduardo  gold  mine  in  Lepanto,  report  on,  mentioned:  96. 
San  Federico  gold  mine  in  Ambos  Camarines,  report  on,  mentioned:  96. 
San  Felix  gold  mine  in  Ambos  Camarines,  report  on,  mentioned:  96. 
San  Isidoro  gold  mines  op  Cagayan  db  Misamis,  report  on,  mentioned:  95. 
San  Jorge  Gold  Mine  of  Ambos  Carmines,  report  on,  mentioned:  96. 
San  Jo86  Coal  Mine  of  Samar,  report  on,  mentioned:  95. 
San  Juan  Coal  Mine  in  Mindoro,  report  on,  mentioned:  96. 
San  Luis  Gold  Mine  op  Cagayan  db  Misamis,  report  on,  mentioned:  95. 
San  Luis  Gold  Mine  in  Lepanto,  report  on,  mentioned:  95. 
San  Marcelino  Gold  Mine  of  Ambos  Camarines,  report  on,  mentioned:  96. 
San  Mauricio  Gold  Mine  in  Ambos  Camarines: 

Property  of:  365. 

Report  on,  mentioned:  96. 
San  Nicolas  Gold  Mine  in  Ambos  Camarines,  report  on  Spanish  title  of:  96. 
San  Rafael  Gold  Mine  in  Ambos  Camarines,  report  on,  mentioned:  96. 
San  Ramon  Gold  Mine  of  Ambos  Cabiarines,  report  on,  mentioned:  96. 
San  Ricardo  Gold  Mines  in  Ambos  Camarines,  report  on,  mentioned:  95. 
San  Sebastlan  Gold  Mine  in  Ambos  Camarines,  report  on,  mentioned:  96. 
San  Vicente  Gold  Mine  of  Ambos  Camarines,  report  on,  mentioned:  96. 
Sand: 

Deposits  of:  73. 

Supply  of:  74. 
Sandstone: 

Analyses  of:  271. 

Deposits  of:  70. 
Sanger,  Vera  &  Co.: 

Claims  of:  95. 

Report  on  claims  and  record  mentioned:  101. 
Santa  Balbina  Gold  Mines  in  Ambos  Camarines,  report  on  Spanish  title  of:  96. 
Santa  Barbara  Claims,  work  on:  133. 

Santa  Catalina  Gold  Mine  in  Nubva  Ecua,  report  on,  mentioned:  95. 
Santa  Eufemia  Coal  Mine  of  Mindoro,  report  on,  mentioned:  96. 
Santa  Gertrudes  Gold  Mine  in  Ambos  Camarines,  report  on,  mentioned:  96. 
Santa  M/.rla.  Coal  Mine  in  Mindoro,  report  on,  mentioned:  96. 
Santa  Mesa  Cement,  Tile  and  Pipe  Company,  description  of  factory:  482,  483, 
Santa  Rita  Gold  Mine  in  Lepanto,  report  on,  mentioned:  95. 
Santiago  Gold  Mine  in  Ambos  Camarines,  report  on,  mentioned:  96. 
Santo  Tomas  Gold  Mine  of  Ambos  Camarines,  report  on,  mentioned:  96. 
Santos,  Josfc  Maria  (geologist): 

Description  of  copper  mining:  24. 

Mentioned:  4,  515. 
Seale,  Mr.,  mentioned:  539,  541. 
Semper,  Carl  (geologist),  mentioned:  3,  4,  515. 
Serpentine,  deposits  of:  36.  111. 

Shell  fisheries,  laws  regulating,  in  Moro  Province:  549-552. 
Sibuguey,  coal  deposit:  S),  237. 
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SiBUL  Sprinos: 

Improvements:  497. 

Location  of:  72. 
SiBiTTAN  Island,  gold  deposits:  21. 
Silver: 

Benguet:  169. 

Characteristics  of:  81. 

Deposits  of:  7,  75,  87,  119,  169,  180,  185,  191. 

Islands  where  found:  4,  7. 

Marinduque:  191. 

Production — 

Quantity  of:  76,  77. 
Value  of:  87. 

Zambales:  180,  185. 
Sin  nombre  claim,  work  on:  133. 
Slate,  occurrence  of,  in  Mindoro:  188. 
Smith,  Warren  D.: 

"Asbestos  and  manganese  deposits  of  Ilocos  Norte,  with  notes  on  the  geology  of 
the  region,"  paper  on  the:  229-232. 

Coal  deposits  ot  Bataan  Island:  387-417. 

CoalinCebu:  436-437. 

"Geology  and  mineral  resources  of  the  Philippine  Islands,"  paper  on:  58-64. 

Geology  of  the  Compostela-Banao  coal  field:  418-435. 

Mention^:  52. 

"Mineral  resources  of  Ilocos  Norte,"  paper  on:  215-217. 

"Mineral  resources  of  the  Philippine  Islands,  1907/*  imper  on:  65-85. 

"Mining  prospects  on  and  near  the  Zamboanga  reninsula,  Mindanao,  P.  I.,'' 
paper  on:  79,  80.  236.  237. 

Narrative  report  of  work  in  Bataan  Island:  142-144. 

Nonmetallic  minerals,  paper  on:  66-74. 

"Simimary  of  the  chief  characteristics  of  Philippine  ores,"  paper  on:  80,  81. 
Soapstone,  occiurence  of:  74. 
SoRSOGON,  province  op: 

Coal,  deposits  of:  185. 

Gypsum,  deposits  of:  185. 

La  Esperanza  coal  mine,  report  on  Spanish  title  to.  mentioned:  96. 

Marble,  deposits  of:  185. 

Sulphur,  deposits  of:  185. 
Spanish  concessions,  terms  of:  89. 
Spanish  mining  claims.    (See  Mining  claims.) 
Spttz  coal  mines  and  claims  in  Csbu,  report  on,  mentioned:  101. 
Sponge  fisheries: 

Curing:  540. 

Laws  regulating,  in  Moro  Province:  552-554 

Quality  of  sponges:  540. 

Regulation  of  sponge  banks:  541. 

Sheep  wool  sponge,  discovery  of:  539,  540. 
Springs.    (See  Mineral  springs.) 
Stone,  building: 

Bataan:  186. 

Bulacan:  123. 

Cavite:  177. 

Deposits  of:  69,  70,  123,  177,  186,  189,  216,  465. 

Ilocos  Norte:  216. 

Importation  of:  69,  70. 

Manila:  123. 

Masbate:  123. 

Mariveles,  quarry  of:  465-466. 

Monumental  stone — 

Im]x>rtation  of:  69,  70. 
Prices  of:  69,  70. 
Quarries  of:  69,  70. 

Panay:  123. 

Prices  of:  69,  70,  115. 

Quarries  of:  69,  70,  115. 

Rizal:  123,  189. 

Report  on,  near  Manila,  by  H.  M.  Ickis:  152-159. 

Use  of:  123. 
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Sulphur: 

Antique:  176. 

Camiguin  Island »  deposits  of,  by  Henry  S.  Ferguson:  462,  463. 

Analyses  of:  462,  463. 
Capiz:  169. 

Deposits  of:  3,  4,  7,  28,  42,  71,  122,  169,  170,  175.  180,  185,  188,  189,  462,  463. 
Ilocos  Sur:  170. 
Islands  where  found:  4,  7. 
Leyte:  28,  122,  188. 
Mindanao:  28. 
Misamis:  189. 
Oriental  N^ros:  180,  189. 
Sorsogon:  185. 
Sulphur  in  the  Philippines,  by  Maurice  Goodman:  459-461. 

Cost  of  production:  461. 
Surigao:  185. 
Use  of:  71. 
SuLU  Archipelaoo: 

Gold,  deposits  of:  22. 

Mother-ol-pearl  and  pearl  industry:  523-529. 

Divers,  description  of:  523,  524. 

Markets  for  products  of:  524. 

Methods  of  tishing:  523. 

Shipment  of  products  of:  525. 
Pearl  fisheries  in:  33,  523-529. 

Sultan  of,  communications  with,  relative  to  pearl  fisheries:  524-530. 
SuLU  Sea,  mother-of-pearl  and  pearls  in:  531-532. 
Sultan  op  Sulu,  payments  to,  for  fishing  privileges:  525-530,  537. 
Sunset  Group: 
Location  of:  328. 
Owners  of:  328. 

SURIOAO,  PROVINCE   OP: 

Cacub  coal  mine  of,  report  on,  mentioned:  95. 
Coal,  deposits  of:  180, 185, 191. 
Copper,  deposits  of:  180, 191. 
Dinagatgold  mine,  report  on,  mentioned:  95. 
Deposits  of — 

Gold:  6,  21,  39,  114,  118,  169,  180,  185,  191. 

Gypsum:  185, 191. 

Ii:on:  185. 

Marble:  185. 

Sulphur:  185. 
Surveys,  work  on:  132, 133. 

SUYOC  MINERAL  REGION.      (See  MaNCAYAN-SUYOC   MINERAL   REGION.) 

Sweet,  O.  J.,  Maj.^  Twenty-third  Infantry,  reports  relative  to  pearl  fisheries:  525-626. 

Taal  Volcano,  trip  to:  112. 

Tabic  gold  mine  in  Benguet,  rep>ort  on  Spanish  title:  95,  96. 

Taft,  Hon.  W.  H.,  statement  relative  to  pearl  fisheries:  534. 

Talc: 

Analysis:  231. 
Deposit  of:  74,  216,  230. 
Experiments  with:  500. 
Ilocos  Norte:  216,  230. 
Use  of:  74. 
Value  of:  500. 
Taum  Island,  quarries  on:  115. 
Tara  Island,  salt  mines  of:  502. 
Tarlac,  province  op,  deposits  of  gypsum  in :  180,  191. 
Tayabas,  province  op: 
Deposits  of — 

Coal:  12, 136, 173. 
Copper:  173. 
Guano:  173. 
Iron:  173. 
Mercury:  173. 
Mineral  claims:  141, 173, 180. 
Mineral  dei)osits:  173. 
Mineral  springs:  180, 191. 
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Tayabas,  province  op — Continued. 

Mining  development:  173. 

Oil  fields:  113,  122, 136,  160,  173,  503-607. 

Platinum,  depoeits  of:  173. 

Petroleum,  depoeits  of:  53,  67. 
Tblluride,  Lepanto:  235. 
Tellurium: 

Characteristics  of :  81. 
Tile: 

Manu^tureof:  71. 

Prices  of:  71. 
Timber: 

Mining  operations:  509-512. 

Value  of:  510. 
Tin: 

Depoeits  of:  54 
In— 

Bulacan:  32. 
Negroe:  139. 
Parana:  120. 
Tiwi,  Albay  Provmce,  Hot  springs  of:  497. 
Topazes,  discovery  of:  73. 
Topographical  survey,  need  of :  60. 
Transportation  : 

Condition  of:  116,  139,  318,  319. 

Lack  of:  63. 

Lepanto:  300,  304. 
Trinidad  gold  mine  of  Ambos  Camarines,  report  on,  mentioned :  96 
Tripoli,  occurrence  of :  74.       ' 
TuMAGA,  gold  prospect:  80,  236. 
Tumbaoa  mine: 

Condition  of:  365. 

Operations  in:  357. 
Tungsten,  occurrence  of,  in  Negroe:  139. 
Ubago,  Gabriel  M.  de,  work  of:  104. 
ViLLANUEVA  <fc  Co.,  property  of:  106. 
VwAYAN  Islands: 

Gold,  yield  per  ton:  51. 

Mining  operations:  51. 
Volcanoes,  visits  to  Taal  and  Canloan:  161. 
Water  power,  development  of:  56. 

"What  has  been  done  in  the  Philippines,'*  noteeon  minerals:  37. 
WnrrB  agate,  occurrence  of:  499. 
WnrrpoRD,  H.  N.,  report  on  forest  conditions  in  mining  region  of  Aroroy,  Masbate: 

609,  512. 
WioMORE.  Lieut.  H.  L.: 

Mentioned:  52,  103. 

Work  of:  142-144. 
Wood  jasper,  occurrence  of:  499. 
Wood  opal,  occurrence  of:  450. 
Worcester,  Hon.  D.  C,  mentioned:  108. 
ZambaleSj  province  of: 

Depoeits  of — 

Asbestos:  185. 
Clay:  171. 
Coal:  180,  185. 
Gold:  185. 
Manganese:  72,  139. 

Mineral  and  mining  claims:  185. 

Mineral  resources:  171. 

Mining  claims  filed:  173. 

Silver,  deposits  of:  180,  185. 
Zamboanga,  Moro  Province,  salt  exports:  502. 
Zmc: 

Camarines:  18,119. 

Deposits  of:  3,  8,  36,  119,  295. 

Lepanto:  295 

o 


